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PREFACE 

The  following  pages  are  the  slightly  expanded  notes  of 
a  course  of  lectures  which  the  writer  has  been  giving  to 
agii  cultural  students  for  the  past  ten  years.  They  con- 
stitute an  introduction  to  plant  and  animal  breeding,  sub- 
jects of  great  and  growing  importance  in  modern  agriculture. 

The  treatment  is  from  a  biological  standpoint  for  the 
student  who  desires  to  specialize  in  anim  i  husbandry, 
cereal  husbandry  or  horticulture  should  have  clear  concep- 
tions of  the  more  important  problems  of  organic  evolution 
and  of  the  main  laws  and  theories  relating  to  variation, 
heredity  and  related  subjects.  The  discussion  of  the  more 
direct  application  of  the  principles  discussed  has  been  left 
to  the  special  departments. 

The  general  public  is  taking  an  intelligent  interest  in 
many  genetic  problems,  especially  those  relating  to  Eu- 
genics. While  the  discussion  may  at  times  appear  too 
technical  for  the  average  reader,  it  is  believed  that  even 
these  parts  may  be  understood  by  him  after  a  little  carefUi 
study. 

Frequent  references  are  made  to  larger  works  which 
contain  fuller  and  more  extended  discussions  of  many  of 
the  topics  treated,  and  it  is  the  writer's  hope  that  this 
Introduction,  condensed  as  it  is,  may  be  instrumental  in 
persuading  a  larger  number  of  persons  to  pursue  their  stud- 
ies of  this  very  interesting  subject  for  its  informational, 
educational  and  practical  values. 

The  writer  lays  no  claim  to  originality,  except  it  may 
be  in  the  presentation  of  the  topics.  He  has  had  little 
oppc  nity  for  experimentation,  '  't  for  many  years  his 
lot  has  been  cast  where  breedir  periments  have  been 
carried  on  and  important  results  secured. 

In  the  new  and  rapidly  expanding  field  of  Genetics 
where  results  are  being  presented  to  the  world  by  thou- 
sanHs  of  investigators  it  is  extremely  probable  that  many 
important  phases  have  been  overlooked,  some  misinter- 
preted, and  others  left  obscure  by  reason  of  the  condensed 
treatment. 

The  writer  is  under  deep  obligation  to  many  friends 
who  have  had  an  opportunity  oi  reading  the  manuscript 
for  their  criticism. 


Macdonaid  College, 
August.  1920. 


W.  LOCHHEAD. 


An  Introduction  to 

Heredity  and  Genetics 

Modem  Biological  Laws  and  Theories 
Relating  to  Animal  and  Plant  Breeding 


INTRODUCTION 

Ever  since  the  dawn  of  civilization  attention  has  been 
given  to  the  breeding  of  plants  and  animals,  ap  evidence 
the  numerous  strains  of  cultivated  plants  and  do.  i.esticated 
animals  that  now  exist  and  have  been  in  existence  for 
many  thousands  of  years.  There*  seems  to  be  no  doubt 
that  all  of  these  domesticated  forms  have  originated  from 
wild  forms.  The  origin  of  some  of. the  forms  is  actually 
known,  but  that  of  the  majority  is  lost  in  the  centuries  pre- 
ceding the  time  of  written  records. 

In  most  cases  considerable  differences  now  exist  be- 
tween the  wild  and  the  domesticated  forms.  The  superior- 
ity of  the  latter  over  the  former  has  been  brought  about  by 
crossing  and  by  intelligent  selection  of  the  most  desirable 
forms,  according  to  the  purpose  man  had  in  mind. 

Man's  knowledge  of  the  laws  governing  the  production 
of  animals  and  plani  -  has  been  gradually  acquired,  slowly 
for  a  long  time,  but  more  rapidly  as  '.lis  acquaintance  with 
the  organic  world  increased.  Especially  have  great  strides 
been  made  during  the  last  fifty  years— since  the  appear- 
ance of  Darwin's  Origin  of  Species  (I8"i9),  when,  with  over- 
whelming evidence,  V  was  shown  tha  organic  beings  are 
the  "modified  descer  lants  of  >  jrl»r  ,rirns,  that  in  some 
way  (by  Natural  Selection)  new  fo, 
the  old  ones,  ahd  have  given  rise,  in 

In  the  chapters  that  follow    in 
outline  briefly  the  more  important  i 
put  forward  by  biologi<;ts  to  expl; 
plant  and  animal  life,  and  to  sum 
gained  by  experimental  investigati 
tance.     These  will  be  discussed  with  i- 
their  bearing  on  the  important  problems 
chapters  fo.m,   therefore,  an  introduc 
technical  courses  given  in  the  departmer 
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bandry  including  Poultry  Hugbandry.  Cereal  Husbandry 
or  ARronomy,  and  Horticulture  where  direct  applications 
are  made  to  the  better  breeding  of  animals  and  plants. 

Heredity  has  been  defined  as  "the  organic  or  genetic 
relation  >^tween  successive  generations,'  and  again  as 
"the  germinal  resemblance  among  organisms  related  by 
descent."  Genetics  is  "the  science  which  deals  with  the 
cominn  into  being  of  organisms"  by  breeding  carried  on 
from  generation  to  generation.  Essentially  Genetics  has 
to  do  with  the  study  of  heredity,  and  its  main  object  is  to 
determine  not  only  the  mode  of  action  of  the  germinal  fac- 
tors concerned  in  bringinn  about  the  relation  implied  in 
heredity,  but  also  that  of  the  external  agencies  that  may 
affect  the  development  of  the  new  individual. 

Genetics  is  breeding  under  rigid  control  so  that  we 
may  know  what  is  happening.  At  the  present  time  the 
control  is  such  that  it  is  not  possible  to  know  all  that  is 
happening,  but  as  Genetics  is  one  of  the  yd  .  ^est  sciences, 
dating  as  it  does  from  1«.)(K>  when  Mendt!  s  discoveries 
were  made  known,  we  may  confidently  look  forward  to  a 
time  when  a  method  of  continuous  control  may  be  employ- 
ed in  all  breeding  experiments. 

We  can  probably  all  agree  with  Bateson  when  he  says: 
"An  exact  determination  of  the  laws  of  heredity  will  prob- 
ably work  more  change  in  man's  outlook  on  the  world  and 
in  his  power  over  nature  than  any  other  advance  in  natural 
knowledge  that  can  be  clearly  foreseen," 

Chapter  1— THE  WORLD  OF  LIVING  THINGS 

It  is  very  probable  that  ever  since  man's  appearance 
on  the  earth  the  living  things  about  him  were  more  or  less 
closely  observed  ai.d  their  most  evident  likenesses  and 
differences  noted.  In  other  words,  our  early  ancestors 
made  rough  groupings  of  the  animals  and  plants  with 
which  they  came  into  contact.  One  of  the  first  obse  .  ts 
to  record  his  observations  was  Aristotle  (469-3U9  h  '\). 
His  groupings  were  crude  according  to  present-day  stan- 
dards as  they  were  based  mainly  on  external  similarities 
of  structure,  but  .they  remained  piacirally  unaltered  for 
over  2,000  years,  until  the  time  of  Ray  ^628-170.5)  and 
Linnaeus  (1707-1778).  Ray  defined  the  term  species  but 
it  was  reserved  for  Linnaeus  to  establish  the  oinomial  system 
of  nomenclature  and  the  grades  of  classification,  viz..  Class, 
Order,  Genus,  Species  and  Variety  in  his  great  work  "Sys- 
tema  Naturae." 


The  first  edition  of  "  Syatema  Nature  "  was  published 
in  1735  and  the  last  (I2th)  in  17fiH.  Zoologists  accept  as 
the  starting  point  for  detf» mining  the  generic  and  specific 
names  of  animals  the  tenth  edition  of  175H.  wmle  boiaui  ts 
have  taken  tie  17M  edition  of  the  "Species  Plantarum". 
of  which  the  first  editi-  i  was  oubM-hed  in  1737,  as  their 
starting  point  in  nome   Jai'i*' 

Before  Linnaeus,  the  li  *a^  described  as  the  "cat 
with  a  tuft  at  the  end  of  the  tail,"  and  the  tiger  as  the  "  yel- 
low cat  variegated  with  long  blac/c  stripes."  Such  a  method 
of  description  was  both  cumbersome  and  unsystematic, 
especially  when  the  number  of  species  became  numerous. 

Linnsus  gave  each  species  a  double  name,  e.g.,  Fflis 
/fo  anr*  tin  tigris,  the  second  name  being  the  specific 
title,  •■■■:.■  *-e  first  the  genus,  a  group  of  more  or  less  similar 
specr  n  addition,  genera  were  grouped  into  Ordtrs, 

and  C.  jers  into  Classes. 

With  the  adoption  of  the  binomial  system  "certainly 
and  precision  were  introduced  into  the  art  of  description 

Batsch  in  17no  introduced  the  term  Famih  between 
Cienus  and  Order,  and  Haeckel  in  1880  the  term  Phvlum 
for  a  grouping  of  similar  classes. 

The  successive  steps  are  known  as  Divisions,  Classes, 
Orders,  Families.  fJenera.  Species,  Varieties  which  may  be 
arranged  as  follows: 


Vurhhj. 

Httvr,   lint  (I,  or  Sttoin. 

— S|ifi'jj's 

Siveies— 

— (knus 

Genus —    y^ 

A           — Fainilv 
S-               — Oidcf 

Familv —       /  V* 
Ordci—           />*" 

^^                 —Class 

( 'lass —            y^y^ 

Division  or 

Pliyluni         X 

Thus  in  time  through  the  efforts  of  many  expert  sys- 
tematists  all , the  known  plants  and  animals  have  been 
classified.  For  example,  the  Spy  apple  belongs  to  the 
Division  Spermapkytes,  (seed-bearing  plants),  to  the  Class 
Utcotyledons  (with  two-seed  leaves),  to  the  Order  Rocales, 
to  the  Family  Rosacex,  to  the  Genus  Pyru  to  the  Species 
Mali,  and  finally  to  the  Variety  Spy. 

Similarly  the  domestic  cat  belongs  to  the  Phylum 
Chordata  (back-boned  animals),  to  the  Class  Mammalia 
(mammals),  to  the  Order  Carnivora  (flesh-eaters),  to  the 
Family  Felidz  (the  cat  kind),  to  the  Genus  Felts,  to  the 
Species  domesticus. 


Ray  defined  a  species  as  all  similar  individuals  axhibit- 
ing  constant  characters  from  generation  to  generation, 
while,  according  to  Linnaus,  each  species  was  descended 
from  an  originally  created  pair.  "There  are  as  many 
species",  he  said,  "as  issued  in  pairs  from  the  Creators 
hands,"  and  each  species  expressed  an  idea  in  the  Divme 
mind.  This  conception  of  species  was  generally  held  un- 
til the  publication  of  the  "Origin  of  Species"  m  1859. 

According  to  Darwin,  however,  classification  meant 
the  grouping  of  organisms  to  show  relationships  due  to 
community  of  descent.  He  likened  the  affinities  of  all  the 
beings  of  the  same  class  to  a  great  tree  where  the  green  and 
budding  twigs  represent  existing  species  and  those  pro- 
duced during  former  years  the  long  succession  of  extinct 

species.  .       ,        •     .      u 

As  a  result,  the  Linnaean  conception  of  species  has  been 
modified.  Darwin  and  many  investigators  since  his  time 
have  shown  that  Linnaean  species  are  really  groups  of  close- 
ly related  forms,  and  that  it  is  often  impossible  m  nature 
to  determine  their  limits  on  account  of  the  large  number  of 
intermediate  forms.  ..... 

The  idea  of  species  is,  therefore,  an  abstract  one:  in 
nature  there  are  no  species— only  individuals."  The 
term,  however,  is  still  retained  as  a  convenient  one  by  sys- 
tematists  to  designate  all  the  individuals  which  agree  in  all 
essential  features  and  live,  as  nearly  as  possible,  under 
similar  external  conditions.  .    ,, 

De  Vries  believes  that  his  "elementary  species  and 
"varieties"  are  the  real  units  in  nature.  Individuals  are 
considered  as  aggregates  of  "  unit  characters "  which  may 
combine  in  various  ways,  thus  making  it  impossible  to  keep 
the  group  called  a  "species"  as  a  definite  entity. 

The  classification  of  organisms  has,  therefore,  passed 
through  four  eras:  1.  the  Pre-Linnsean,  2.  the  Pre-Darwtn- 
ian,  3.  the  Pre-Mendelian,  and  4.  the  Post-Mendelian. 

The  Pre-Linnaean  era  (—1753)  is  characterized  by 
crude  unsystematic  attempts  at  classification;  the  Pre- 
Darwinian  era  (1753-185'.t)  by  the  introduction  of  system, 
freqrently  unnatural,  and  with  distinct  barriers  between 
the  members  of  each  group;  the  Pre-Mendelian  era  (1859- 
1900)  by  the  evolutionary  conception  of  community  ot. 
descent  with  the  barriers  between  species  more  or  less 
broken  down;  and  the  Post-Mendelian  era  (1900-  )  by 
the  unit-character  conception  of  individuals  and  the  in- 
troduction of  De  Vries'  'elementary  species'  and  *  varieties 
as  the  real  units  in  nature. 


Chapter  2— THE    ORIGIN    AND    EVOLUTION    OF 
ORGANIC    LIFE 

(a)— Theory  of  Fixity  of  Species  or  Special  Creation 

The  general  opinion  regarding  the  origin  of  plants  and 
animals  up  to  the  time  of  Darwin  was  that  every  species 
came  into  existence  by  a  distinct  act  of  special  creation. 
Each  type  or  species  remained  distinct  and  was  unable  to 
vary  m  any  of  its  individuals,  except  within  verv  narrow 
limits.  This  theory  was  put  into  definite  form  by  Suarez 
(1548-1617),  a  Spanish  Jesuit,  and  was  accepted  as  a  doc- 
trine of  the  Catholic  Church.  It  was  taken  up  by  Milton 
in  his  "Paradise  Lost,"  and  accepted  by  Puritanism;  it  was 
accepted  by  Linnaeus  in  his  classification  of  plants  and 
animals,  and  became  "current  intellectual  coin." 

It  will  be  noted  that  this  theory  precludes  all  attempts 
to  discover  the  origin  of  organic  beings.  Species  were 
created,  and  nothing  more  was  required  to  be  said  or  done. 

(b)  — Theory   of   Evolution   or   Descent   with 
Modification 

The  evolutionary  conception  of  the  organic  world  was 
held  by  Aristotle  among  the  Greeks  (4(39-390  B.  C),  but 
for  lack  of  facts  his  views  were  not  clear  and  rather  enig- 
matic. He  expounded  the  doctrine  of  "a  perfecting  prin- 
ciple" which  struggled  with  "the  physical  material  cause," 
or  matter  itself,  and  worked  out  a  continuous  and  pro- 
gressive adaptation. "» 

But  little  addition  was  made  during  the  following 
seven  or  eight  centuries  to  the  views  held  bv  Aristotle. 

In  the  early  centuries  of  the  Christian  era  Augustine 
(353-430),  influenced  by  Aristotle,  held  that  creation  was 
the  institution  of  the  order  of  nature. 

During  the  Dark  Ages  science  slept.     After  the  Re- 
vival of  Learning  and  the  Reformation  science  again  re- 
vived but  men's  thoughts  were  absorbed  rather  with  the 
facts  of  nature  than  with  the  question  of  the  origin  of 
things. 

Then  followed:  (1)  a  group  of  Philosophic  Evolution- 
ists—Bacon,  Descartes.  Leibnitz,  Hume,  Schelling.  Kant 
and  Hegel— who  established  the  basis  of  the  modern  meth- 
ods of  studying  the  problem  of  evolution ;  and 


.■I    ccr- 


(.)--  Nature   produces   those   thiuRs   which   beiiiR   rontlnuouslv   moved 
by    :i    icrtrxin    principle-   ooiitaiiie.l    in    l!ieinbelve.'<   arrive    at 
tain  end." 
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(2)  a  group  of  Speculative  Evolutionists — Diderot, 
Bonnet,  Robinet  and  Oken— who  put  forward  a  number  of 
speculations  regarding  heredity  and  evolution  that  are 
often  interesting  on  account  of  their  crudeness. 

Buff  on  (1707-1788)  has  been  called  the  first  of  the  great 
pioneers  of  modern  evolution.  His  most  noteworthy  con- 
tribution was  a  theory  of  the  direct  action  of  the  environ- 
ment in  the  production  of  structural  changes  which  are 
heritable. 

Erasmus  Darwin  (1731-1802),  grandfather  of  Charles 
Darwin,  was  another  pioneer  evolutionist  who  had  fairly 
well  defined  ideas  regarding  the  derivation  of  plants  and 
animals.  Unlike  Buff  on  he  believed  that  the  environ- 
ment only  indirectly  modified  their  organization.  His 
Zoonomia  was  published  in  1794. 

The  poet  Goethe  (1749-1832)  was  a  firm  believer  in 
evolution,  and  contributed  an  important  theory  on  the 
metamorphosis  of  foliar  organs  and  another  relating  to  an 
innate  growth  force.  His  views  were  published  in  1794 
and  1795. 

Treviranus  (1760-1837)  was  the  forerunner  of  Charles 
Darwin  in  the  emphasis  he  laid  on  the  inter-relations  be- 
tween organisms  and  the  environment.  He  was  a 
Lamarckian  with  regard  to  the  modifying  influence  of  the 
environment. 

Geoffroy  St-Hilaire  (1772-1844)  was  a  pupil  of  Buffon, 
and  shared  his  views  concerning  the  direct  action  of  the  en- 
vironment— published  in  1828.  He  believed  also  that  de- 
velopment might  occur  suddenly  by  leaps,  and  produce 
discontinuous  variations. 

Robert  Chambers  (1802-1871),  the  author  of  Vestiges  of 
the  Natural  History  of  Creation  (1844),  prepared  the  minds 
of  the  reading  public  for  Darwin's  Origin  of  Species.  His 
views  of  evolution,  not  always  accurately  expressed  how- 
ever, combined  those  of  Buffon  and  St-Hilaire  with  that  of 
Aristotle's  idea  of  a  perfecting  principle  (Read  the  His- 
torical Sketch  to  Darwin's  Origin  of  Species  for  a  review  of 
the  progress  of  opinion  on  the  origin  of  species). 

The  philosophic  naturalists  who  did  most  to  pave  the 
way  for  the  general  acceptance  of  the  doctrine  of  organic 
evolution  were  Lamarck  and  Darwin.  They  not  only  fur- 
nished strong  evidences  in  support  of  the  doctrine  but  also 
presented  plausible  theories  regarding  the  mode  of  evolution. 
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^i*i^  \"r^-^^^'?^^°''^'  notably  Eimer,  Weismann,  Mendel 
and  DeVries,  have  made  valuable  contributions,  amending 
and  enlarging  upon  the  theories  proposed  by  Lamarck  and 
Darwm. 

(c) — Lamarck'  and  Lamarckism 

Lamarck  (1744-1829),  in  his  Philosophic  Zoologique, 
published  1809,  expounded  more  clearly  than  any  of  his 
predecessors  a  logical  explanation  of  evolution.  He  recog- 
nized three  factors: 

(1)0  Changing  Environment; 

(2)  the  Effect  oj  Use  and  Disuse;  and 

(3)  the  Inheritance  oj  Acquired  Characters; 

He  reasoned  as  follows:  Great  changes  in  environ- 
ment produce  in  animals  new  wants;  new  wants— changed 
habits;  changed  habits— the  use  of  new  parts  or  the  disuse 
of  old  ones;  and  finally  after  many  generations  the  pro- 
duction of  new  organs  and  the  modification  of  old  ones. 
He  believed,  however,  that  plants  are  modified  directly  by 
their  environment.     (Fig.  1) 

Lamarck  summarized  his  views  in  the  following  laws: 
First  Law— ''In  every  animal  which  has  not  finished 
its  term  of  development,  the  frequent  and  sustained  use  of 
any  organ  strengthens  and  develops  it,  and  increases  it  in 
size  proportionate  to  the  length  of  time  it  has  been  employ- 
ed. On  the  other  hand,  the  continued  lack  of  use  of  any 
organ  gradually  weakens  it  until,  at  last,  it  disappears" 
{Law  of  Use  and  Disuse). 

Second  Lou'.—"  Nature  preserves  everything  she  has 
caused  the  individual  to  acquire  or  lose  through  the  influ- 
ence of  the  environment  to  which  its  race  has  been  for  a 
long  time  exposed,  and  hence  the  predominance  or  los'5  of 
certain  organs  through  the  use  or  disuse.  She  does  this  by 
the  production  of  new  individuals  which  are  endowed  with 
the  newly  acquired  organs,  provided  the  acquired  changes 
were  common  to  the  two  sexes  of  the  individuals  that  pro- 
duced the  new  forms"  {Law  of  Inheritance). 

The  essence  of  Lamarckism  is,  therefore,  adaptation  of 
plants  and  animals  to  their  environment  through  function, 
or  through  the  use  or  disuse  of  organs,  and  the  inheritance 

(1) — Lamarck  had  a  varied  career.  Ke  spent  his  bovhood  at  a 
Jesuit  College  in  Amiens:  served  in  the  French  army,  studied 
medicine  for  four  years;  devoted  himself  first  to  Botany,  later 
to  Zoology.  Other  publications  were:  Flora  of  France  il778).  Natural 
History  of  Invertrhrated  Animabi  (llU.'i-1fl?2\  He  rporganiEod  the  Jardin  da 
Pianles  a793). 
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of  functional  changes.  Lamarck's  explanation  of  the  snake's 
elongated  legless  body,  and  the  duck's  webbed  feet  is  given 
by  himself  as  follows: 

"It  is  part  of  the  plan  of  organization  of  reptiles,  as 
well  as  of  other  vertebrates,  that  they  have  four  legs  at- 
tached to  their  skeleton but  snakes  acquired  the  habit 

of  gliding  over  the  ground  and  concealing  themsleves  in 
the  crass;  owing  to  their  repeated  efforts  to  elongate  them- 
selves, in  order  to  pass  through  narrow  spaces,  their  bodies 
have  acquired  a  considerable  length,  not  commensurate 
with  their  width.  Under  the  circumstances,  legs  would 
serve  no  purpose,  and  consequently  would  not  be  used; 


Fig.   1.— 1.AMAUCK 

long  legs  would  interfere  with  the  snakes'  desire  for  gliding, 
and  short  ones  could  not  move  their  bodies,  for  they  can 
only  have  four  of  them.  Continued  lack  of  use  of  the  legs 
in  snakes  caused  them  to  disappear,  although  they  were 
really  included  in  the  plan  of  organization  of  those 
animals." 

On  the  other  hand,  "the  frequent  use  of  an  organ, 
made  constant  by  habit,  increases  the  faculties  of  that  or- 
gan, develops  it  and  causes  it  to  acquire  a  size  and  strength 
it  does  not  possess  in  animals  which  exercise  less.    A  bird, 
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driven  through  want  to  water,  to  find  tht;  prey  on  which  it 
feeds,  will  separate  its  toes  whenever  it  strikes  the  \vater  or 
wishes  to  displace  itself  on  its  surface.  The  skin  uniting 
the  base  of  the  toes  acquires,  through  the  repeated  separat- 
ing of  the  toes,  the  habit  of  stretching;  a  id  in  this  way  the 
broad  membrane  between  the  toes  of  ducks  and  geese  has 
acquired  the  appearance  we  observe  today." 

Darwin  fell  back  occasionally  upon  Lamarck's  doct- 
rine in  explanation  of  adaptation  and  of  the  origin  of  new 
species,  but  included  it  only  as  a  minor  factor.  The  theory 
of  the  action  of  use  and  disuse  explains  better  than  any 
other  (1)  the  origin  of  many  indifferent  characters  such  as 
change  of  color-patterns  of  butterflies'  wings  due  to  changes 
of  temperature;  (2)  many  simple  adaptations  of  active 
organs,  such  as  the  development  of  muscles  and  bone 
crests;  and  (3)  some  simple  adaptations  of  passive  organs, 
such  as  the  loss  of  hair  and  the  layer  of  fat  in  the  skin  of 
whales. 

On  the  other  hand  Lamarckism  does  not  explain  satis- 
factorily (1)  many  characters  of  active  adaptation,  such  as 
the  penetration  of  the  lung-sacs  of  birds  into  the  bones;  (2) 
many  complicated  adaptations  of  active  organs,  such  as 
eyes,  smelling  organs,  auditory  organs,  light-making  organs ; 
and  (3)  all  complicated  passive  adaptations  such  as  mimi- 
cry (Plate). 

According  to  Lamarck  "the  structure  of  organisms  is 
m  harmony  with  the  conditions  under  which  thev  live-  in 
other  words  it  is  adapted  to  these  conditions.  The  organ- 
ism IS  shaped  by  the  environment;  usage  develops  the 
organs;  without  usage  they  atrophv.  The  modifications 
thus  acquired  are  transmitted  to  posterity." 

Lamarckism  as  a  scientific  theory  of  evolution  is  in  one 
sense  more  complete  than  Darwinism  in  that  it  looks  to  the 
very  cause  cf  the  change  of  organisms  bv  its  method  of 
explaining  adaptation. 

(d)— Darwin  and  Darwinism 

Charles  Darwin  (1809-1882)"  published  his  ''Origin  of 
bpectes  »•.'  Natural  Selection"  in  18.")!)  after  twentv  vears  of 
most  p  It  and  painstaking  labor.  This  work  at  once 
compeli      the  attention  of  scientists  by  its  wonderful  com- 

^'^■""I'.'i!'";'"  ^','"'  "\*'  Kiatiflsori  of  Dr.  Kiiinimus-  Darwin.  He  stii.lk-.l  at 
Edinburgh  and  CanibriflRe.  then  .ser-.p.l  a.s  Xatiinillst  on  tlie  ex- 
ploring ship  Bearl*  (ls;i-is:jri).  He  .settled  ut  Downs  in  KnRlan.i 
oil  nis  returi'  and  l>eean  tliat  wonilerful  series  of  rf.xeanhi-.s  t.ri 
plants  and  animals  whic'h  he  has  desiTibed  in  a  large  number 
of  well  written   volumes. 
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Eilation  of  facts  bearing  on  the  question  of  evolution,  and 
y  the  masterly  arguments  for  the  origin  of  species  through 
the  agency  of  Natural  Selection.  According  to  Darwm  and 
Wallace  (co-discoverers  of  the  Theory  of  Natural  Selection) 
there  are  three  main  factors  in  the  evolution  of  species: 

(1)  Over-production  among  organic  beings; 

(2)  Variation;  and 

(3)  Heredity. 

The  main  argument  may  be  summarized  as  follows  : 
As  organic  beings  tend  to  increase  in  a  geometrical  ratio, 
while  the  means  of  subsistence  tend  to  increase  only  in  an 
arithmeti. al  ratio  (Malthus).'  there  naturally  arises  a  se- 
vere struggle  for  life  at  some  age,  season  or  year.  As  there 
is  much  variation  in  the  structure  of  even  the  most  closely 


KiS.   2.— CHARLES  DARWIN 

allied  forms  those  fo.ms  that  possess  useful  variations  will 
most  likely  survive  in  the  struggle  for  existence^  in  an 
environment  of  infinite  complexity,  both  with  regard  to 
the  relations  of  beings  to  one  another  and  to  the  conditions 
of  life:  then  because  of  the  "strong  principle  of  inheritance 

(O— Malthus'  essay  on  "PoDuIation"  was  published  in  179S  and  the 
loncluslons  were  base.l  on  data  relating  to  human  population 
obtained  from   many  countries 

(•■^—Darwin  said-  'I  use  this  term  ('strugKle  for  existence')  in  a 
trK^  and  metaphurkal  gense,  including  the  dependence  of  one 
bel^K  on  another  and  Including  (which  Is  more  Important)  not 
only  the  life  of  the  individual,  but  success  In  leaving  progeny." 
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the  surv.vors  will  tend  to  produce  offspring  similarly  char- 
acterized." Thus  after  many  generations  forms  will  arise 
which  differ  so  much  from  the  original  forms  as  to  be  de- 
signated new  species.  The  principle  of  preservation  or 
survival  of  the  fittest  Darwin  called  Natural  Selection. 
Natural  Selection  "leads  to  the  improvement  of  each  crea- 
ture in  relation  to  its  organic  and  inorganic  conditions  of 
life,  and  consequently,  in  most  cases,  to  what  must  be  re- 
garded as  an  advance  in  organization."    (Fig.  2). 

Darwin  devoted  a  considerable  portion  of  the  "Origin 
of  Species"  to  what  he  called  "Evidences  of  Organic  Evolu- 
tion." These  were  considered  from  the  historical  stand- 
pomt  in  Chapters  X  to  XIV  under  the  following  titles:  "On 
the  Imperfection  of  the  Geological  Record,"  "On  the  Geo- 
logical Succession  of  Organic  Beings,"  "Geographical  Dis- 
tribution," "Mutual  Affinities  of  Organic  Beings; ""Mor- 
phology: Embryology:  Rudimentary  Organs."  Regarding 
the  Imperfection  of  the  Geological  Record  Darwin  claimed 
that  on  account  of  the  many  gaps  in  the  record  of  life  pre- 
served in  the  rocks,  it  would  be  hardly  possible  ever  to  ex- 
pect a  full  knowledge  of  the  organic  life  that  had  existed  on 
the  earth.  Gpr>'ogicaI  evidence,  however,  as  it  has  accumu- 
lated since  D:  \,  m  's  day,  is  in  strong  accord  with  the  theory 
of  Evolutio  T^ake  for  ovample  the  history  of  the  ances- 
tors of  the  ..'  in  Nc'.-i  America,  as  worked  out  by 
Marsh  and  v'  <  .  •  i  ■:  Archaeopteryx,  the  earliest 
known  bird  •,  1.  .    •)  r.h^.-acters,  etc.,  etc.     Moreover, 

the  geological  re  :^x  v  shows  the  gradual  appearance  of  high- 
er and  higher  form.  The  Invertebrates  appeared  first, 
then  fishes,  amphioiai.j,  reptiles,  mammals  and  birds  in 
succession. 

The  present  distribution  of  animals  and  plants  over 
the  surface  of  the  earth  can  be  most  satisfactorily  explained 
oy  the  theory  of  evolution.  The  facts  suggest  the  gradual 
dispersal  of  races  from  a  starting  point.  Many  factors, 
however,  entef  into  the  problem,  such  as  climate  and  clima- 
tic changes;  oceanic,  desert,  and  mountain  barriers;  isola- 
tion, etc. 

Darwin  found  that  each  island  of  the  Galapagos  group 
had  its  characteristic  animal  life,  but  the  species  on  one 
island  are  closely  similar  to  those  on  another,  and  to  those 
on  the  adjoining  continent.  Moreover,  the  life  on  the 
larger  central  islands  is  more  closely  related  than  is  the  life 
on  the  more  isolated  islands.  All  these  facts  suggested  to 
Darwin  that  the  corresponding  species  on  the  island  and 
the  continent  are  related  by  a  common  descent. 
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On  the  pampas  of  Argentina  Darwin  noted  the  struct- 
tural  correspondence  between  such  living  forms  as  the  sloths 
and  ant-eaters,  and  the  extinct  Megatherium  and  Glypto- 
don  whose  fossil  remains  he  had  collected.  To  him  the 
explanation  was  blood  relationship. 

A  study  of  organic  life,  therefore,  shows  relationships, 
some  near,  others  more  remote.  It  can  be  compared  best 
to  a  great  tree  which  branched  near  the  base  into  two  large 
trunks— the  animals  and  the  plants— each  dividing  again 
into  smaller  and  smaller  branches  showing  closer  and  closer 
relationship  at  the  tips.  From  this  we  get  our  conception 
of  classes,  orders,  families,  and  genera. 

The  evidence  of  evolution  from  comparative  structures 
is  strong.  The  homology  of  organs  in  the  vertebrates  finds 
no  interpretation  except  on  the  basis  of  relationship.  The 
different  sets  of  organs  are  apparently  constructed  on  the 
same  type.  In  the  course  of  time  the  organs  have  been 
modified  to  become  better  fitted  for  different  kinds  of  work; 
for  example,  the  arr.  of  a  frog,  the  paddle  of  a  turtle,  the 
wing  of  a  bird,  the  lore-leg  of  a  horse,  the  wing  of  a  bat,  the 
flipper  of  a  whale,  and  the  arm  of  a  man  are  homologous. 

Sometimes  organs  that  were  probably  at  one  time 
useful  and  performed  functions  are  now  functionless,  e.g., 
vestigial  or  rudimentary  organs,  such  as  the  appendix  in 
man,  teeth  in  embryo  of  the  whale-bone  whale,  ear-mov- 
ing muscles,  etc. 

Darwin  likened  "vestigial  structures"  to  the  un- 
sounded letters  in  many  words,  such  as  "o"  in  leopard, 
"b"  in  doubt,  and  "g"  in  reign,  which  though  functionless 
tell  us  something  of  the  history  of  these  words. 

Embryological  evidence  is  also  of  much  weight.  The 
individual  during  its  development  {ontogeny)  shows  many 
traces  of  its  racial  development  {phytogeny).  Prof.  Mar- 
shall said:  "The  individual  climbs  up  its  own  genealogical 
tree."  or,  mo'-e  technically  expressed,  "ontogeny  tends  to 
recapitulate  .phylogeny"  (The  Biogenetic  Law  of  Haeckel). 
The  young  stages  of  the  higher  vertebrates,  for  example, 
show  remar?cable  resemblance,  and  gill-slits  occur  in  the 
embryos  of  reptiles,  birds  and  mammals. 

The  recapitulation  theory  as  first  enunciated  was  based 
on  the  false  view  that  "in  the  course  of  evolution  new  end 
stages  are  added  to  the  ontogeny  as  it  had  previously  exist- 
ed." Bu  it  was  fhown  that  "evolutionary  changes  may 
affect  any  portion  of  the  life  history,  and  therefore  the 
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course  of  ontogeny  is  not  a  sure  indication  of  the  course  of 
phylogeny".  Haeckel  called  those  ontogenetic  stages 
which  repeated  the  phylogeny,  "palingenetic,'*  and  those 
which  did  not,"coenogenetic."  Conklin  says:  "ontogeny 
recapitulates  phylogeny  not  in  all  i  ^  stages  and  forms,  but 
in  its  factors  and  principles." 

Isolation.  By  some  evolution-philosophers  isolation  is 
given  a  prominent  place  as  a  factor  in  the  evolution  of  new 
forms,  but  it  is  clear  that  it  is  not  so  important  as  selection 
and  variation,  Isolation  tends  to  diNiKence  from  the 
parent  forms,  and,  acting  for  long  periods,  develops  pre- 
potency or  stability  of  type. 

By  isolation,  it  is  clear,  free  intercrossing  ol  members 
of  a  species  is  prevented.  Romanes  believed  that  organic 
evolution  is  impossible  without  isolation,  but  he  undoubt- 
edly laid  too  much  emphasis  on  the  swamping  effect  of  free 
intercrossing  on  germinal  variations. 

"Isolation  tends  to  the  segregation  of  species  into  sub- 
species, makes  it  easier  for  new  variations  to  establish 
themselves,  promotes  prepotency  and  fixes  characters." 

Many  examples  of  the  truth  of  the  above  statement 
might  be  cited  from  every  division  of  the  animal  world, 
but  ft  will  suffice  to  instance  the  part  of  isolation  in  the 
development  of  races,  such  as  the  Nordic,  Alpine  and  Medi- 
terranean peoples  of  the  world  who  maintain  their  char- 
acteristics of  physical  type  and  of  character.  It  is  likely, 
further,  that  the  characteristic  Scot,  Irishman,  and  Welsh- 
man are  largely  the  result  of  the  action  of  isolation. 

The  breeds  of  cattle  have  arisen  largely  through  arti- 
ficial isolation,  when  close  inbreeding  was  practised. 
(Consult  writings  of  D.  S.  Jordan.  Romanes,  Wagner  and 
Gulick;  also  Madison  Grant's  work  "The  Passing  of  the 
Great  Race.") 

In  any  study  of  Isolation  the  following  types  of  barriers 
must  be  considered : 

(1)  Geographical  barriers,  such  as  mountain  ranges, 
oceans  or  seas,  deserts,  etc. 

(2)  Temporal  barriers,  where  members  of  a  species  reach 
sexual  maturity  at  different  times  of  the  year 

1 3)  Habitudinal  barriers,  where  a  species  splits  into  two  or 
more  castes  with  different  habits  of  life. 

(4)  Physiological  barriers,  such  as  variations  in  form  of  the 
reproductive  organs,  preventing  mating 

(;"))  Psychological  barriers,  due  to  profound  antipathies. 


i4r/i;Sfio/  Sr/w/iow.  —  Darwin  was  much  impressed 
with  the  results  of  artificial  selection  or  sel  ctive  breeding 
that  man  has  effected  among  domesticated  animals  and 
cultivated  plants.  There  is  evidence  that  the  nearly  200 
well-marked  breeds  of  domestic  pigeons  have  all  descended 
irom  the  blue  rock-pigeon  (Columbia  liviay,  and  the 
various  breeds  of  poultry  from  the  Indian  jungle  fowl 
{Callus  banktvus).  The  various  breeds  of  horses,  rabbits 
and  ducks  too  have  each  probably  come  from  a  single  wild 
species.  On  the  other  hand  the  breeds  of  dogs  and  cattle 
have  arisen  from  more  than  one  species.'    (See  page  33). 

The  origin  of  most  of  our  garden  flowers,  fruits  and 
vegetables  is  lost  in  obscurity,  but  many  new  forms  are 
being  evolved  before  our  very  eyes. 

Darwin  reasoned  that  if  man  has  been  the  agent  in 
evolving  all  these  forms  in  a  relatively  short  time.  Nature  is 
capable  of  effecting  much  also  in  a  very  long  time. 

Kinds  0/  £ro/tt/iow.— Evolution  has  taken  place  in 
many  directions.  There  has  been  convergence  as  well  as 
divergence  m  development,  just  as  there  has  been  regressive 
development  as  well  as  progressive  development.  Diver- 
gent progressive  evolution  is  the  type  usually  considered 
and  represented  in  our  genealogical  trees.  Examples  of 
convergent  development  are  the  swift  and  the  swallow 
which  are  birds  very  distantly  related;  the  bird  and  the  bat. 
etc.     (Read  WiUey's  Convergence  in  Evolution). 

Other  cases  where  analogies  are  developed  are  Ty- 
phlops,  a  burrowing  snake.  Amphisbxna.  a  burrowing 
lizard.  Siphonops,  a  burrowing  amphibian,  which  are 
more  or  less  worm-like;  Pteromys,  a  flying  squirrel,  and 
/'^/flMTMs,  a  flying  phalanger;  the  porcupine  (Erethizon),  a 
rodent,  the  hedge-hog  {Erinaceus),  an  insectivore,  and  the 
spiny  ant-eater  (Echidna)  a  monotreme,  all  spine  covered 
animals;  also  the  eyes  of  Molluscs,  vertebrates  and 
Folychaete  worms. 

Correlation  in  Evolution.— "  A  variation  important  in  ^he 
present  may  bring  in  its  train  one  that  is  designed  to  be  im- 
portant in  the  future,  and  a  variation  too  small  in  itself  to 
be  of  value  may  be  carried  over  the  dead  point  into  effect- 

(I)— Some  of  the  common  breeds  of  domestic  pigeons  are  the  tumbler 
pouter,  fan-ta.l.  carrier,  hominK.  barb,  tfumpeter.  common  mon- 
grel, archangel,  fairy  swallow,  blackwinged  swallow  and  bluetts. 

(2)— Tlie  student  of  organic  evolution  should  read  and  re-read  Dar- 
win .s  Origin  of  Specie.s  and  Variation  of  Animals  and  IMants 
under  I>omestication.  The  latter  is  not  as  well  known  as  the 
former,  hut  in  most  rt^apects  it  is  equally  important. 
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iveness  because  it  is  correlated  with  another  variation  <  <f 
greater  vital  value"  (Geddes  and  Thomson,  Evolution). 

Organic    Selection.— "  It    the   variation    favored   h 
the  environment  coincides  with  an  innate  variation  of  aim 
lar  nature,  the  effects  of  both  variations  are  more  likely  i. 
make  themselves  felt  than  either  separately.     It  ma> 
happen  that  a  slight  innate  variation,  too  insignificant  U 
serve  a  useful  purpose  is  somehow  amplified  by  an  acquired 
variation  of  similar  nature  which  ados  itself  to  it  and  the 
two  variations  in  combination  form  a  proper  basis  for  na- 
tural selection." 

Sexual  Selection.— To  account  for  the  occunentj  of 
marked  secondary  sex-characters  in  many  males  Larwin 
proposed  the  supplementary  theory  of  Sexual  Selection. 
"This  form  of  selection  depends  on  a  struggle  b  'wp«t\  the 
individuals  of  one  sex,  generally  the  males,  for  usess- 

sion  of  the  other  sex.    The  result  is  not  deal)  *  im- 

successful  competitor,  but  few  or  no  ofTsprii  There 

are  two  modes  of  this  sexual  selection,  the  fig*  <wee« 

rival  males  and  the  preference  the  female  sIk'  "th^ 

male  whose  tout  ensemble  has  most  successfullj  cd  her 

sexual  interest."    (See  also  page  52  for  Darwi»*«     *or\'  oJ 
Pangenesis). 

Criticisms  of  the  Natural  Selection  Theory. 

Criticisms  of  this  Theory  have  been  ver>  -evere,  es- 
pecially by  theologians  about  40  years  ago.  Tlie  follov  -^ 
are  among  the  most  important  from  a  scientific  stand;  t: 

1 .  The  two  types  of  variations  are  not  clear  Iv  different 

ated,  and  it  is  believed  that  fluctuat  .ig  vartaiiati 
have  a  limit  beyond  which  they  cannot  pass  b  ccm- 
tinuous  selection. 

2.  It  is  also  believed  that  flc^Mired  cAflro     rs  are    •»    •? 

table. 

:i.  It  is  hard  to  understand  how  Natural  Selectio'^ 
organisms  with  variations  too  small  to  bt 
advantage.    The  theory  does  not  explain  the  i 
of  useful  variations.     "It  may  explain  the    uf  .>=^j 
of  the  fittest  but  it  cannot  explain  the  arrival       the 
fittest." 

4.  It  does  not  explain  sterility  between  most  species. 

.5.  "  Many  characters  useless  for  the  preservation  of  in- 
dividuals have  been  developed  by  one  sex  of  a  i^iven 
species,"  e.g.  the  plumage  of  many  male  birds. 
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6.  It  demand*  almost  unlimited  time  for  the  evolution 

I.-  5  '"*'**''  'P'"*  ^^°^  *>«  simplest  on  the  earth, 
which  demand  physicis  h  and  geologists  are  un- 
wilhng  to  grant. 

7.  Jordan,  the  French  botanist,  discovered  more  than  20() 

-istmct  forms  or  elementary  species  of  Draba  vtrna, 
each  preserving  its  own  special  characters  for  genera- 
tions.   He  frequently  found  a  certain  habitat  of  very 
limited  extent  occupied  by  several  of  these  species 
forming  an  association.    It  is  highly  improbable  that 
each  of  these  species  arose  as  an  adaptation  to  the 
same  environment.     It  would  seem  then  that  "the 
specific  characters  of  Draba  verna  cannot  have  been 
evolved  in  the  struggle  for  existence,  that  they  are 
not   adaptive   characters,  and   that   they   are   in 
themselves  useles'  '    (jost). 
It  will  be  noted  that  Darwin's  theory  fails  to  answer 
satisfactorily  the  meaning  of  the  different  kinds  of  variat- 
tions,  their  rate  of  inheritance,  or  the  mechanism  of  in- 
heritance. 

Fact  and  Alode  of  Organic  Erolution.~One  must  be 
careful  to  distinguish  between  the  general  fact  of  organic 
evolution  and  the  mode  of  evolution,  or  the  method  bv 
which  evolution  has  taken  place.  "Stated  concretely  the 
genei  doctrine  of  evolution  suggests  that  the  plants'and 
inimals  now  around  us  are  the  results  of  natural  processes 
working  throughout  the  ages,  that  the  forms  we  see  art  the 
lineal  descendants  of  ancestors  on  the  whole  somewhat 
simpler,  that  these  are  descendants  from  yet  simpler  forms 
and  so  on  backward  till  we  lose  our  clue  in  the  unknown 
vital  events  of  Pre-Cambrian  ages,  or  in  other  words,  in  the 
thick  mist  of  life  s  beginnings.  The  general  idea  of  evolu- 
tion IS.  therefore,  that  the  present  is  the  child  of  the  past  and 
the  parent  of  the  future  "  (Thomson.  The  Study  of  Anmai 
Life). 

The  theory  of  organic  evolution  seeks  to  explain  the 
world  of  genera,  species  and  varieties,  the  progressive 
organization  from  the  simple  to  the  most  complete,  and  th- 
adaptations  of  living  beings. 

(e)— Orrhogenesls 

The  origin  of  new  forms  as  the  result  of  a  persistent  de- 
terminate variation  is  called  Orthogenesis.  While  organ- 
isms as  a  rule  tend  to  vary  in  every  direction,  variation 
being  indeterminate,  yet  there  are  many  examples  of  organ- 
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wms  that  have  evolved  along  Ucf'nite  lines,  and  where  the 
variation  has  apparently  been  predetermined.  In  ^ome  in- 
stances these  variations  developed  to  such  f»n  extent  that 
they  became  disadvantaKeous.  for  example,  the  unwieldy 
Cretaceous  reptiles,  the  coils  of  the  Ammonites,  the  tusks 
of  the  mammoth,  the  Riant  antlers  of  the  Irish  stag,  and  the 
sabre-toothed  tigers,  among  extinct  animals. 

Coulter  says:  "The  history  of  such  a  group  as  Gymno- 
sperms  shows  a  tendency  to  vary  in  certain  definite  direc- 
tions that  have  persisted  from  the  early  Paleozoic  to  the 
present  time."  We  also  see  Orthogenesis  probably  in  the 
( dd  pinnateness  of  the  leaves  of  the  sumacs,  and  in  the 
alirupt  pinnateness  of  the  leaves  of  the  partridge-pea,  etc. 
There  is  a  "racial  tendency  toward  some  particular  line  of 
development."  Overspecialization  can  be  explained  by 
this  theory— for  example,  the  tusks  of  the  wild  boar,  the 
giant  horns  of  many  wild  sheep  and  goats,  the  enormous 
beaks  of  several  rhynchophorous  beetles,  etc. 

The  explanation  of  this  persistent  variation  still  eludes 
us.  Nageh  (1884)  explained  Orthogenesis  by  means  of 
"an  inner  directive  force."  an  inherent  force  in  the  organic 
world  that  makes  for  progressive  development.'  Eimer 
(1888)  on  the  other  hand  believed  that  Orthogenesis  is 
produced  and  controlled  by  external  factors  of  climate, 
food  supply,  and  environment  generally.  Many  biologists 
believe  that  Natural  Selection,  Mutation,  and  Orthogenesis 
may  all  be  operative  in  producing  new  forms  (Kellogg. 
Darwinism  To-day). 

Discussion:-  Does  Natural  Selection  play  any  part  in 
Orthogenesis? 

(f)~  Protoplasm  and  the  Origin  of  Life 

Huxley  very  properly  and  aptly  termed  protoplasm 
"the  physical  basis  of  life"  for  everywhere  life  is  associated 
with  protoplasm.  Evolutionists,  therefore,  in  seeking  for 
the  origin  of  life  have  as  their  fundamental  problem  the 
origin  of  protoplasm.  According  to  the  mechanistic 
school,  the  problem  is  one  belonging  wholly  to  physics  and 
chemistry,  but  the  vitalistic  school  sees  the  working  of  a 
directive  force,  termed  tilalism,  in  connection  with  the 
physico-chemical  changes. 

In  the  present  state  of  science  the  solution  of  the  pro- 
blem should  not  be  expected.  Our  knowledge  of  p)ro- 
toplasm  is  very  incomplete  on  account  of  its  organic  com- 

(0_Contr.'\gt  this  theory  with  that  of  Aristotle's  'perfecting  principle." 
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plexity;  moreover,  the  intimate  structure  of  the  protein 
compounds  composing  it  is  still  unknown,  not  to  speak  of 
the  physical  conditions  essential  for  the  union  of  these 
comjxjunds  in  the  formation  of  the  "living  stuff  " 

Recent  progress  in  the  study  of  colloids  "suggests  a 

\ZJV.  ''^"'°^^  '"  ^^^  ^^^^'s  h'^^o^y  when  conditions  of 
temperature,  pressure  and  moisture  were  very  different 
from  those  of  the  present,  and  perhaps  more  favorable  for 
the  production  of  colloids,  the  basis  of  protoplasm.  From 
simple  materials  more  and  more  complex  substances  would 
be  gradually  formed,  if  the  analogy  of  the  structure  of  the 
inorganic  world  in  azoic  times  is  any  guide  to  an  under- 
standing of  the  changes  that  occurred.  It  is  even  believed 
by  some  that  the  making  of  protoplasm  may  be  in  opera- 
tion under  certain  conditions  at  the  present  day.  but  we 
are  not  in  a  position  to  recognize  it  as  such. 

The  vitalists  maintain  that  there  is  a  great  gulf  be- 
tween mere  colloidal  substances  and  living  protoplasm. 
The  latter  is  characteristically  unstable,  and  is  "self-re- 
LTf"t^{,-  self-preservative,  self-adjusting,  self-increasing. 
firS.?^'"^.  ^"""^  self-reproducing"-characters  which  do 
not  belong  to  any  non-living  machine. 

II    "The  solution  of  the  problem  of  the  origin  of  life,  if  at 
^"  possible,  belongs  to  the  future.     (Consult  Osborn's 

The  Origin  and  Evolution  of  Life.") 

The  most  that  can  be  said  at  the  present  time  is  that 
nfe  comes  from  life. 

Chapter  3— VARIATIONS  :  KINDS,  CAUSES 

.  Before  discussing  the  theories  of  Weismann  and  De- 
Vries  we  shall  consider  Variations.  That  living  things  are 
variable  is  evident  to  most  persons.  Close  observation 
shows  that  aside  from  the  larger  differences  that  exist  be- 
tween animals  and  plants  belonging  to  different  genera 
families  or  orders,  animals  and  plants  produced  by  the  same 

EfnH"^'f  r-."^\  ^''^'^^^^-   ^"'^^-     DaFwin  recognized  two 
kinds  of  heritable  variations:  ^^  y-^u 

(1)  Small  •'  individual  variations  "  that  normally  occur 
among  members  of  the  same  species  '  and 

«m  J?K?fK°^'  ""^  "^''W^^  variations"  that  sometimes  occur 
among  both  plants  and  animals. 

He  believed  also  that  those  variations  produced  bv  th- 
environment  and  functional  changes  may  sometimes  be 

somatic  modl'ications  and  not  heritable  •'"'eriuil    influences— 
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transmitted  to  the  offspring.  His  general  conclusion  was 
that  heritable  variations  are  due  to  external  conditions  act- 
ing directly  on  the  germ-plasm,  and  that  one  of  the  most 
important  external  conditions  has  been  the  food  supply 
{Variation  af  Plants  and  Animals). 

Variations  have  very  appropriately  been  termed"  the 
raw  materials  of  evolution,"  tor  if  there  were  no  variations 
there  could  be  no  evolution.  The  production  of  the  highly- 
developed  domesticated  breeds  of  animals  and  plants  of 
to-day  is  the  result  of  man's  conscious  selection  of  those 
forms  that  showed  variations  in  directions  that  suited  his 
fancy. 

Darwin  supposed  that  organisms  under  domestication 
tend  to  vary  far  more  than  similar  organisms  do  in  the  wild 
state,  a  result  due,  he  thought,  to  more  varied  surroundings. 
Later  investigators  like  Bateson  inform  us,  however,  that 
variation  is  as  common  among  wild  animals  as  it  is  among 
domesticated. 

During  the  last  forty  years  important  progress  has 
been  made  in  the  study  of  variations.  Quetelet,  a  Belgian 
investigator,  showed  that  ordinary  variability  follows  the 
law  of  probabiUty,  ana  this  conclusion  has  been  frequently 
verified  by  later  investigators.  Whenever  a  large  number 
of  organisms  of  a  kind  are  compared,  and  similar  parts  are 
carefully  measured  or  counted,  i  t  is  seen  that  the  variations 
in  any  single  character  are  very  numerous.  The  larger 
variations  from  the  average  type  in  either  direction  are 
fewer  than  the  smaller  variations,  and  if  these  variations 
are  plotted  in  paper,  according  to  their  size  and  frequency, 
a  curve  of  frequency  is  obtained  which  corresponds  to  the 
law  of  probabilities.  This  curve  has  a  crest  decreasing 
rapidly  to  zero  on  either  side. 

According  to  this  curve  variability  is  limited  and  tends 
to  return  to  the  average  condition.     (See  page  2.">). 

Variations  that  behave  in  this  manner  are  termed 
fluctuating  variations,  since  they  fluctuate  about  their 
average  or  mean. 

The  other  kind  of  variations,  viz.,  discontinuous  varia- 
tions,^   has    been    shown    by    Bateson^    {Materials    for 

(1) — •'■altoii  many  years  before  Illustrated  the  differeiue  between  eoii- 
tliiuoiis  and  discontinuous  variations  by  the  polyRon. 

(-')  —  I'rof.  W.  Bateson,  the  noted  English  biologiat  and  Keneticist,  was 
born  in  1861  and  educated  at  Rupby  and  fambridKe.  He  has 
filled  the  professorship  of  Blolosy  at  Cambridge,  and  of  I'hysl- 
oloKy  of  the  Royal  Institution,  and  Is  now  Oirector  of  the  .lohn 
Innes  Horticultural  Institution,  Merton  Park,  Surrey.  He  was 
awarded  the  Darwin  Medal  In  1904,  ami  was  President  of  the 
K.A.A.S.,  1914.  His  publications  are — "Materials  for  the  .Study 
r.f  \'",riation'  <1S94),  "Mpndols  Prlnciple.s  of  Heredity"  (1902)  and 
"Problems  of  Genetics." 
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the  Study  of  Vartattons,  1894)  to  be  quite  frequent  in  occur- 
rence, and  by  DeVnes  and  others  to  be  of  great  importance 
in  the  development  of  new  species.  Such  variations  are 
termed  mutations  by  DeVries,  and  will  be  discussed  at 
greater  length  under  the  head  of  Mutation  Theory 

Kinds  oj  Variations.— In  the  study  of  these  two  classes 
of  variations  four  different  kinds  are  now  recognized- 

1 .  Morphological,  relating  to  differences  in  form  or  size  • 

(a)  Variations  in  size,  of  apples,  horses,  sheep,  etc. 

(b)  Variations  in  relative  proportions  of  parts,  e.e.. 
wider  face,  longer  legs,  etc. 

2.  Substantive,  relating  to  differences  in  quality  of  the 
structure: 
(o)  Variations  in  fineness  of  bone,  firmness  of 

muscles,  etc.,  of  animals. 

(b)  Variations  in  quality  of  milk,  brain,  etc. 

(c)  Variations  in  quality  of  apples,  sugar  beets, 
corn,  etc. 

(</)  Vari-tions  in  color,   immunity   to  disease 
hardiness,  etc. 
M eristic,  relating  to  deviations  in  pattern,  expeciallv 
to  repeated  parts: 
(a)  Variations  in  symmetry,  either  radial  or  bi- 
lateral,  in  double  flowers,  in  four-leafed  clovers 
(6)  Extra  teats  in  cows,  extra  fingers  or  toes  in 
man,  etc.,  etc. 
4.  Functional   relating  to  deviations  in  the  normal 
activity  of  the  various  organs  and  parts  of  the  bodv 
or  the  plant :  ^ 

(a)  Variation  in  the  degree  o"  activity  of  normal 
functions    between    different    individuals    of 
same  species,  e.g.,  in  milk  secretion,  meat  pro- 
duction, speed,  resistance  to  disease,  and  vital- 
ity generally, 
(ft)  Variations  within  the  same  individual    eg 
daily  fnrtuations,  influence  of  age,  use  and 
disuse,  and  food  upon  functional  activity. 
(c)  Modification  of  normal  functions  by  external 

or  other  influences,  e.g.,  galls,  etc. 

(a)  Normal  functions  exercised  under  abnormal 

conditions. 

Curves  of  Variation.— The  graphic  representation  of 

variations  is  often  both  instructive  and  suggestive     Use  is 

niade  of  "graph"  paper  (paper  ruled  into  fine  squares)  in 

the  plotting  of    'frequency  curves."     The  scale  used  in 

plotting  will  depend  on  the  number  of  cases  to  be  covered. 
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The  following  curve  represents  the  variations  in  the  length 
of  448  seeds  of  bean  (EteVries) : — 


Length  in  mm 

.8     9     10 

11  j  12  i  13     14 

15 

16 

Total 

Frequency 

.12     23 

1()8    lti7    106    33 

7 

1 

448 

It  will  be  noted 
that  the  curve  is  a 
normal  curve  sym- 
metrically developed 
on  both  sides.  Such 
a  curve  of  variabil- 
ity expresses  the  fact 
that  a  large  propor- 
tion of  the  beans  are 
near  the  average 
length  of  11  to  13 
mm.,  those  differing 
from  this  being  rela- 
tively few  on  either 
side  of  the  average. 
The  mode  of  the 
curve  is  12  or  the 
group  containing  the 
largest  number  of  in- 
dividuals of  a  kind. 
The  following  table  represents  the  variability  of  milk 
production  of  1,200  cows  (Davenport):    • 
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FiK.    ;!. — Frequency   of   Curve    of    the    Varia- 
tions  in   Length   of  448   Seeds  of   Beans. 


Pounds  milk 

1,500    2,500 

3,500]  4.500    5.500    6  500  7  .«?m 

No.  of  cows 1     10    !    5« 

178  ;    2.56  '     253       209 

131 

Pounds  milk 

8,500  j  9,500      10,500      11.500  j    12,500 

Total 

No.  of  cows 

63    !    28    i       10              2 

1      i    1.200 

The  curve  would  show  clearly  that  the  majority  of  the 
cows  yield  between  4,500  and  (3,500  lbs.  of  milk  per  year. 

The  average  length  of  the  beans  is  ascertained  to  be 
12  mm.,  and  the  average  milk  production  5.515  lbs. 

Deviation. — The  var  .ibility,  or  deviation  from  the 
average,  gives  us  inforn~~tion  as  to  the  range  of  the  devia- 
tion. There  are  two  methods  of  measuring  this  deviation, 
the  Average  Deviation  and  the  Standard  Deviation.  The 
average  deviation  of  the  beans  is  calculated  as  follows  (12 
being  average  length ) : 

1  (12-8)  +  2  (12-9)  +  23  (12-10)  +  108  (12-11)  -f 
167  (12-12)  -f  106  (13-12)  +  33  (14-12)  -f  7  (15-12) 
+  1  (IG-  12)  ^  448;  which  gives  .8mm. 


Formula:      Average  deviation  =  Q— 


d.f 


Similarly,  the  average  deviation  of  the  milk  production 
m  the  1.200  cows  can  be  shown  to  be  1,787.3  lbs.  (5,515  lbs. 
bemg  average  production). 

The  standard  deviation,  considered  by  mathematicians 
to  be  more  convenient  as  a  measure  of  variability,  is  calcu- 
lated m  a  slightly  different  way.  In  the  beans  it  would 
be  worked  out  as  follows: — 

I  (12-8)=  +  2(12-9)2  +  23  1(2-10)=+  108(12-11)=  + 
167  (12-12)=  +  106  (13-12)=  33  (14-12)=  +  7  (15-12)= 
+  1  (16-12)=  -i-  448;  and  the  square  root  of  this  quotient 
gives  1.1  mm. 

Formula:— S/owrford  Deviation  =  1/Sd=.f 
.  "^      n 

In  the  case  of  the  production  of  milk  from  1,200  cows 
the  standard  deviation  is  1,770.1  lbs. 

For  the  sake  of  clearness,  the  results  are  summarized 
in  the  following  table. 

A  Comparison  of  Average  and  Standard  Deviations 
as  to  Length  of  Beans 
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|/  (V-M) 

(V-M)= 

/  (V-M)= 
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18 

-3 

•   -6 

9 

18 

10 
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4 

92 

11 
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-1 

i  -108 

1 
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12 
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2004 

0 

0 

0 

0 

13 

106 

1378 

1 

i  106 

1 

106 

14 

33 

462 

2 

i   66 

4 

132 

15 

7 

105 

3 

i   21 

9 

63 

^«   1 

1 

16 

4 

4 

16 

16 

1 

488 

5409 

.361 

551 

V-  Value,  f=  frequency,  M=  Mean  or  average. 
M  or  Average  =    5409 


Av.  Dev.  = 


St.  Dev  = 


12; 
448 
361 

—  =   .8; 

448 
551 
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PaOBAB^-?  'BBBOB In  sta- 
tistical studies  of  variations 
the  results  are  usually  .  Iieckcd 
ui>  by  a  determination  of  the 
FrobaMa  Error.  (See  E.  Daven- 
port and  Babcoek  and  Clausen 
for  details.). 
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Co-e^cient  of  Variation. — It  is  often  important  to  com- 
pare the  variability  of  different  characters,  by  expressing 
the  Standard  Deviation  as  a  percentage  of  the  average.  In 
the  case  of  the  beans  the  co-efficient  of  variation  as  to  length 
is 

1.1 

X  100        =  <>  16. 

12 
In  the  example  of  milk  production  cited  above  it  is 
1,770.1 
X  100=  ;i2. 1 

.5,")  1.5 

When  the  type  of  curve,  the  average  and  the  standard 
deviations  and  the  co-efficient  of  variation  of  a  character  are 
known,  the  nature  of  the  variation  may  be  said  to  be  fairly 
well  described. 

Bimodal  Curves. — Sometimes  curves  hhow  two  modes 
instead  of  one;  such  curves  indicate  either  that  the  group  is 
breaking  into  two  types  or  that  two  distinct  types  have 
become  mixed. 

Skew  Curves — Sometimes  curves  are  unsymmetrical, 
and  the  mode  lies  considerably  to  one  side  of  the  average. 
Such  curves  show  the  direction  in  which  the  variations  are 
tending. 

Exercises.-  FixiA  examples  of  organisms  that  show 
(1)  bimodal,  (2)  skew  curves. 

Additional  Exercises  in  Variations 

1.  Plot  the  Curve  and  determine  the  Average  and 
Standard  Deviations,  and  the  Co-efficient  of  Variation  in 
the  following  analysis  of  sugar  beets,  after  DeVries:— 


Per  cent  sugar  .  . 

12 

m 

13 

135 

14 

145 

15  j  155 

Frequency 

340 

\   6;j5 

1192 

220.5 

3579 

717H 

.5.561  i  7829 

Per  cent,  sugar.  . 

j  ^6 

m 

17 

175 

IS 

185   19 

Frequency 


.!  6925  ;  4458  I  2233  i  692  '  133 


14 


2.  Plot  the  curve  and  determine  the  Deviations  and 
Co-efficient  of  Variation  in  the  following  study  of  length  of 
nuts,  after  Watson: — 


Length j  30 


Frequency    ..■   2 


34 


38 


42  i  ^6 


50 


.54 


58 


2S 


.59 


49 


27 
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3.  Plot  the  curves  and  determine  the  Deviations  in  the 
number  of  ribs  in  the  leaves  of  two  beech  trees,  after  Walter : 


No. 0/ Ribs..:..  13  ■ 

14 

16- 

16 

17 

18  1  19 

20 

Frequency,  Ist . . 
2nd  tree 3 

4 

1 
_9_ 

4 

8 

7 
2 

9 

.1 

1 

4.  Plot  the  curve  and  determine  the  Deviations  for  the 
number  of  ray  flowers  of  bur  marigold,  after  Needham:— 


No 3  '  4 

5 

6   7 

8 

9  :  10 

11 

Frequency |  2   3 

8 

19  52 

221 

9  !  0 

1 

Bud  or  Clonal  Variations 

Sometimes  buds  arise  on  plants  that  produce  branches 
differing  markedly  from  the  other  branches.  Such  are  called 
bud  variations,  and  are  often  found  on  roses,  coleus,  carna- 
tions, nephrolepis,  and  chrysanthemums. '  Some  bud  varia- 
tions are  undoubtedly  mere  fluctuations,  but  many  are  dis- 
tinct mutations.  Both  types  can  be  used  in  breeding— e.g. , 
violets,  potato,  and  rose.  Webber  has  shown  that  the  var- 
ious types  of  oranges,  such  as  nobilis,  aurantium,  decumana, 
limonum,  myrtifolia,  and  triioliata  have  arisen  as  bud  muta- 
tions from  a  single  original  form.  A  study  of  these  types 
show  Progressive,  Retrogressive,  and  Regressive  forms. 
Not  much  is  really  known  about  the  causes  producing  bud 
variations,  but  probably  their  origin  is  due  to  the  same 
causes  that  produce  the  mutations  occurring  in  sexual  re- 
production. 

The  Washington  Navel  or  seedless  orange  arose  as  a  bud 
sport  found  at  Bahia.  Brazil,  in  1826,  and  brought  to 
Washington  about  45  years  ago. 

Causes  of  Variations 

Darwin  said  {Origin  of  Species):  "Our  ignorance  of 
the  laws  of  variation  is  profound.  Not  in  one  case  out  of  a 
hundred  can  we  pretend  to  assign  any  reason  why  this  or 
that  part  has  yarieu.  This  statement  still  holds  true  to- 
day. Some  biologists  maintain  that  variabilitv  is  a  prim- 
ary property  of  organisms  while  others  regard  variations  as 
the  result  of  causes  either  extrinsic  (Lamarckian)  or  in- 
trinsic to  the  organism.  For  convenience,  the  causes  of 
variation  may  be  classified  as  (1)  Internal,  and  (2)  External. 

^^*~?„*«,^^*°^*.°",.?"').?*'*'^*i°".'"  Coleus   (Publ.  218  Carnegie  Inst.^ 

Inst  )    anil   roit'=   Citrus   Fruits. 


Thr  iuCHcnal  Causes  are: 

'  ?  Cell  Division. — /is  growth  is  the  result  of  cell  divi- 
sion, and  as  all  cell  divisions  involve  very  in- 
tricate divisions  and  re-arrangements  of  the 
chromosomes  of  the  nucleus  (see  chapter  IH) 
and  the  smaller  determinants  or  physiological 
units,  it  would  be  strange  if  differences 
did  not  arise  in  the  process  due  to  both  internal 
and  external  factors.  We  know  that  abnor- 
malities in  growth  do  occasionally  rise  from  ab- 
normal shuffling  of  the  units  concerned.  We 
are  not  yet  acquainted  with  the  factors  that 
determine  the  limits  of  growth,  but  it  is  pro- 
able  that  under  certain  conditions  the  limit  of 
growth  is  reached  sooner  in  some  cases  than  in 
others.    This  in  itself  would  produce  variation. 

(2)  Bisexual  Reproduction.— In  the  higher  plants  and 

animals  a  new  organism  is  the  result  of  the 
mingling  of  two  inheritances  in  the  male  and 
female  germ  cells  {amphimixis),  and  as  a  result 
must  lead  to  the  production  of  variation.  The 
offspring,  therefore,  tends  to  likeness  with  the 
parents. 

(3)  There  is  much  scope  for  the  variation  in  the  intri- 

cate processes  represented  in  maturation  and 
reduction.  The  loss  of  chromatic  material 
allows  for  different  combinations  of  the  heredi- 
tary qualities.     (See  chapter  16) 

(4)  Recent  studies  of  the  Slipper-animalcule  {Para- 

mecium aurelia)  by  Woodruff  and  Erdmann 
reveal  periodic  nuclear  changes  of  a  breaking- 
down  and  a  re-organizing  nature.  This  pro- 
cess is  called  endomixis,  and  is  believed  to  be 
regulatory  in  character  as  it  secures  the  life  of 
the  race  indefinitely  in  the  absence  of  conjuga- 
tion. If  such  a  process  occur  in  the  many- 
celled  animals  may  not  the  changes  induce  vari- 
ations even  in  pure  lines? 

Again  in  the  regeneration  of  a  Planarian 
from  a  fragment,  Child  finds  that  a  rejuvenes- 
cence takes  place,  as  measured  by  the  increased 
metabolism  and  power  of  resistance.  May  not 
rejuvenescence  take  place  in  the  ^erm  cells 


with  every  new  generation  at  the  time  of  re- 
constitution?  May  not  such  changes  lead  to 
variations? 
(5  Vernon  showed  that  the  degree  of  ripeness  of  ova 
and  sprms  of  sea-urchins  influences  the  size  of 
the  larvae.  Moreover.  Weismann  believed 
that  a  struggle  goes  on  in  the  germs  (germinal 
selection)  between  the  determinants,  the  strong- 
er and  better  nourished  determinants  deter- 
mining the  character' of  the  germs,  and  the 
zygote  (see  page  55). 

(6)  Webber  has  shown  that  when  white  and  yellow 

corn  are  allowed  to  cross  the  white  ears  will 
have  many  yellow  grains.  This  phenomenon 
IS  due  to  the  fertilization  of  the  endosperm- 
nucleus  by  the  second  sperm  cell  (the  first  one 
fertilizing  the  egg  cell),  with  the  result  that  the 
endosperm  is  influenced  the  first  year  by  the 
yellow  germ  cell.  This  phenomenon  is  called 
Xenia.    (See  page  124). 

(7)  Hormones  or  Chalones  or  Internal  Secretions.— 

Certain  glands  the  thyroid,  pituitary,  thymus, 
suprarenals,  pineal,  ovaries  and  testes,  and  the 
pancreas  secrete  substances  that  have  an  impor- 
tant influence  on  the  character  of  the  organs. 
Some  physiological  chemists  seem  to  see  in 
Internal  Secretions  strong  evidences  against 
the  inheritance  of  structural  units  in  the  germ. 

The  External  Causes  are: 

(1)  General  effect  of  locality.— It  is  a  matter  of  common 

observation  that  locality  has  an  important 
influence  on  animals  and  plants  with  regard  to 
their  size,  yield,  quality,  flavor,  etc.  The  factors 
operating  are  numerous  and  complex,  partly 
climatic,  partly  those  relating  to  soil  condi- 
tions, and  partly  those  relating  to  food  supply. 
In  general  it  may  be  said  that  where  condi- 
tions of  life  differ  there  will  be  corresponding 
variations. 

(2)  Food.— The  influence  of  quality  and  quantity  of 

food  has  long  been  recognized  by  breeders  of 
plants  aijd  animals.  The  influence  is  seen  direct- 
ly during  the  young  or  growing  period.  When 
plants  or  animals  are  stunted  by  reason  of  un- 
suitable food  or  an  insufficient  amount  of  suit- 
so 
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able  food,  they  do  not  recover  from  the  effects. 
The  effect  of  food  may  be  observed  also  in  the 
bee-hive  in  the  production  of  queens.  The 
term  "high  living  '  expresses  a  condition  which 
produces  variations,  often  called  disorders,  de- 
trimental to  the  best  development  of  organisms 
whether  they  be  plants  or  animals. 

(3)  Moisture.— This  factor  in  variation  is  obvious  to 

every  observer.  Botanists  r'.assify  plants  ac- 
cording to  the  amount  of  m  'sture  in  their  en- 
vironment into  xerophytes,  hydrophytes,  and 
mesophyles.  Zoologists  also  classify  animals 
according  to  their  moisture  habitat.  In  the 
case  of  crops,  moisture  in  the  soil  is  frequently 
the  limiting  factor.  The  humidity  of  the  air  is 
also  an  important  element  in  variation  produc- 
tion. 

(4)  Temperature.— Thxs  factor,  a  climatic  one,  is  also 

a  limiting  element  inasmuch  as  protoplasm,  the 
physical  basis  of  life,  has  its  maximum  and  mini- 
mum limits  of  temperature.  Within  these 
extremes  heat  effects  mainly  the  rate  of  growth, 
and  each  species  has  its  own  optimum  tempera- 
ture conditions.  Certain  butterflies  assume 
dimorphic  forms  to  correspond  with  the  season 
of  the  year. 

(5)  Chemical  Agents. — Inasmuch  as  growth  and  move- 

ment are  the  result  of  the  metabolic  activity  of 
protoplasm,  it  is  plain  that  anything  that  inter- 
feres with  this  activity  will  produce  variations. 
Especially  is  this  true  of  various  chemical 
agents  when  they  are  excluded  from  or  allowed 
free  access  to  protoplasm.  Oxygen,  for  ex- 
ample, is  essential  to  the  life  of  protoplasm,  but 
on  the  other  hand  there  are  many  kinds  of 
poisons — catalytic,  toxic  and  others, — and  se- 
cretions that  modify  the  activities  of  living  cells 
and  tissues. 

(6)  Light.— lAghX.   influences   living   matter   in   pro- 

ducing chemical  effects,  in  promoting  or  hinder- 
ing functional  activity,  and  in  its  tropic  effects. 
The  coloring  of  leaves,  fruit  and  skin  is  the  re- 
sult of  the  chemical  action  of  light;  the  retarda- 
tion of  growth  of  stems  of  plants  is  the  effect  of 
light;  and  the  direction  of  growth  or  movement 
is  a  tropic  effect. 
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(7)  Contact.— Animah  and   plant-   respond   to   the 

stimulus  of  contact.  The  effect  may  be  ob- 
served directly  upon  protoplasm  itself,  and  in- 
directly in  movement. 

(8)  Graeily.— In  plants  the  influence  of  gravity  is  very 

evident  in  determining  the  direction  of  growth 
of  the  chief  members.  Among  the  lower  ani- 
mals too  the  geotropic  influence  is  often  quite 
marked. 

(9)  Use  and  Disuse.— That  organs  develop  with  use 

and  deteriorate  with  disuse  are  facts  well 
known,  and  variations  of  considerable  size  un- 
doubtedly arise  by  this  proctaa.  The  differ- 
ence between  the  expert  and  the  common  man 
is  largely  due  to  the  use  or  disuse  of  organs  and 
faculties. 

Chapter  4— DISTRIBUTION    OF    ANIMALS    AND 

PLANTS 

(a)— De  Gandolle's  Law 

This  law  relates  to  adaptation  to  climate.  Through 
the  action  of  Natural  Selection,  plants  have  become  gradu- 
ally adapted  to  the  climate  in  which  they  live,  and  ill  adapt- 
ed to  climates  north  or  south.  Just  how  far  modifications 
may  be  due  to  heredity  is  not  clear.  After  making  a  care- 
ful study  of  this  matter  De  CandoUe  "  concluded  that  native 
forms  are  not  hardy  when  taken  one  hundred  miles  north  or 
south  of  their  source." 

(b)— Laws  of  Distribution  of  Animals 

"The  laws  governing  the  distribution  of  animals  are 
reducible  to  t  hree  very  simple  propositions.  Every  species 
of  animal  is  found  in  every  part  of  the  earth  having  condi- 
tions suitable  for  its  maintenance,  unless: — 

(a)  Its  individuals  have  been  unable  to  reach  this 
region,  through  barriers  of  some  sort;  or 

(b)  Having  reached  it,  the  species  is  unable  to  main- 
tain itself,  through  lack  of  capacity  for  adaptation, 
through  severity  of  competition  with  other  forms,  or 
through  destructive  conditions  of  environment;  or 

(c)  Having  entered  and  maintained  itself,  it  has  be- 
come so  altered  in  the  process  of  adaptation  (or  as  a 
result  of  other  processes)  as  to  become  a  species 
distinct  from  the  original  type." 
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Chapter  5— ORIGIN  OF  DOMESTICATED  ANIMALS 
AND  CULTIVATED  PLANTS 

(a)--Origln  of  Domesticated  Animals 

Dog.~  li  is  probable  that  the  dof?  was  the  first  animal 
to  be  domesticated.  Its  origin  is  not  definitely  known,  but 
as  the  wolf,  the  jackal,  and  the  fox  arc  close  relatives  it  is 
believed  he  may  have  arisen  from  one  or  more  of  these  wild 
forms.  By  man's  selection  the  numerous  breeds  of  to-day 
have  gradually  bt'en  developed. 

Horse.  The  wild  form  of  the  horse  is  also  unknown. 
He  probably  developed  in  the  plains  of  Central  Asia  and  was 
domesticated  by  some  tribe  of  the  district.  The  ancestry  of 
of  the  horse  has  been  determined  from  fossil  bones  found  in 
the  rocks  of  Western  United  States.  These  remains  show 
its  evolution  from  a  small  five-toed  animal  the  siz '  of  a 
rabbit  up  though  a  larger  three-toed  form  to  the  still  larger 
one-toed  form  like  that  of  to-day. 

Since  his  domestication  the  various  breeds  of  horses 
have  beeen  developed  by  ihe  selection  of  those  forms  that 
suited  the  fancy  of  man.  Modern  horses  are  no  doubt 
larger,  stronger  and  swifter  than  their  undomcsticated 
ancestors. 

Cattle.— The  origin  of  the  chief  breeds  of  European  and 
.\merica  n  cattle  is  rather  uncertain,  but  it  is  now  believed 
that  they  are  descended  from  two  original  types-  the  Bos 
primigenius  or  aurochs,  and  the  Bos  sondaicus,  the  former 
being  large  and  powerful  and  long  horned,  the  latter  be- 
ing much  smaller  and  short  horned.  It  is  probable  that  the 
domestication  of  cattle  began  in  Asia  in  pre-historic  times, 
and  that  these  numerous  breeds  were  taken  to  Europe  dur- 
ing the  great  migrations. 

From  the  aurochs,  it  is  believed,  are  descended  the 
Holstein,  Hereford,  Scotch  Highland,  white  cattle  of  Chart- 
ley,  long-haired  Hungarian  and  spotted  Swiss  breeds;  and 
from  the  Bos  sondaicus  the  Channel  and  the  Brown  Swiss 
breeds.  The  Shorthorns  and  the  Ayrshires  are  probably  a 
mixture  of  the  two  original  types 

The  Indian  or  Hindu  humped  cattle  had  their  origin  in 
a  wild  form  {Bos  indicus)  that  still  inhabits  the  hilly  coun- 
try on  the  slopes  of  the  Himalayas. 

With  the  exception  of  the  Holstein-Friesian,  the 
French-Canadian  and  the  Brown  Swiss.  American  breeds  of 
cattle  are  of  British  origin.    For  several  hundred  years 


SHmtr?  i«i1k"t*^"  "°^***  ?*  ^  K"a'  cattle-producinR 
country,  and  the  breeds,  as  we  know  them,  were  the  result 
ol  isolation,  selection  and  in— and  Hne-breedinR.    Devon- 

R^dKvuS'^^  ^?f  ^^r?"  ^^r**^'  Norfolk  and  luffolk  the 
nurh»m  ?h*  gff^^fdshire  the  LonRhorns  and  Hertfords. 
in^  A^^i^  Shorthorns.  Scotland  the  Ayrshire.  Galloway 

l?rlw>'!^^"'**"'^''i"F."i'  ^"^  ^^^  Channel  Islands  the 
Jersey,  Guernsey  and  Alderney. 

DKh£v'"HJ'iw''''''?~J?°^''^  Bakewell  (1726-17J>5)  of 
S)S  7  ?^u  Leiceftershire,  may  be  considered  the  fore- 
most stock  breeder  m  a  land  of  great  breeders.  His  genius 
and  skill  were  shown  in  the  establishment  of  the  improved 
nf^™!*^  f  *u  't*^^P  ?*  »^  '*  "°^  ''"own.  and  in  the  im- 
E«»  «^t'!L  °^  ^^^  Longhorn  cattle  and  the  Shire  horse. 
»nH  D^SP^^r^  n""-®  adopted  by  later  breeders,  first  by  Charles 
R«l.  i^H  .K°"^"^  and  afterwards  by  the  Booths,  Thomas 
§h!^tfi.^^^u^^fl^^^^^^l^¥'  »n  the  development  of  the 
Shorthorn  breed  to  a  high  degree  of  excellence. 

jr,.^  J'^^.l^^'"®^  °^  Benjamin  Tomkins  and  John  Price  are 
inseparably  connected  with  the  development  of  the  Here- 
5  tK  ^Au  ^"^^  Watson  and  William  McCombie  with  that 
of  the  Aberdeen-Angus  breeds. 

SA€f/>.— Domestication  occurred  so  long  ago  that  the 
wild  form  is  not  definitely  known.  A  large  numhor  of  wild 
jorms  still  inhabit  the  mountain  districts  of  Asia  and  to  a 
nr/r^^""}- '"  ^^"""^  ^H^  America.  Possibly  the  two  classes 
domestic  sheep-  the  horned  and  the  hornless-  are  de- 
scended from  separate  wild  forms. 

croof  ^hf\r}i'^l^^^  -^^  ^^'■^^'  ^^  2"^  ^os  the  domesticated 
fhf.nJi^.  .  -^^^u ""  ^^P"  '".  a  single  form.  Its  remains  are 
abundant  in  the  early  period  of  the  Swiss  lake  dwellings. 
Ihe  Pasang  or  Grecian  Ibex  (Capra  hircus  aegaerus),  still 

i?rf /•"  7^^}^'"'  ^^'Jl  P'-^b^^'y  the  anclstor  of  the 
doniesticatPd  form  which  has  been  bred  for  several  thou- 
sand years  -n  the  Mediterranean  Basin. 

Swine^  -Wild  species  of  pig  are  to  be  found  in  manv 
countries  but  the  common  pig  is  descended  from  two  wild 

E^';-^^!-^^?P^^"  V^"^  ''o^''  ^"^  the  Indian  wild  boar. 
Domestication  took  place  in  China  centuries  before  it 
occurred  m  Europe  and  it  is  known  that  some  of  the  Chin- 
ese pigs  were  brought  to  Europe  and  crossed  with  the  native 
species. 

\i)..u^1hll~^^^f  ancestor  of  the  common  hen  is  very 
likely  the  Jungle  fowl  of  India  or  the  Indian  Game  Fowl 
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iGallus  bankifO),  still  to  be  found  wild  in  the  forests  ot 
India. 

This  bird  is  of  bantam  size,  with  the  color  of  the  brown 
LeKhorn.  and  with  the  single  comb,  i.e.  with  a  high  serrate 
ridge.  The  various  breeos  of  modern  poultry  have  arisen 
gradually  by  crossing  and  lomj-continued  selection.  The 
fancy  breeds  are  Bantam  and  game  birds:  the  American 
breeds  Plymouth  Rocks.  Wyandottes.  Rhode  Island  Reds 
and  Dominiques;  the  English  breeds  Orpingtons  and 
Dorkings;  the  F"rench  breeds  Houdans  and  Crevecoeurs ; 
the  Dutch  breeds  Hamburgs  and  Red  Caps;  the  Mediter- 
ranean breeds  Leghorns.  Minorcas  and  Black  Spanish; 
the  Asiatic  br  .eds     Brahmas.  Cochins  and  Langshans. 

Goose.  Six  breeds  of  geese  are  recognized;  viz: 
Toulouse  (grey).  Embden  (white),  .African  (gray),  Chinese 
(brown  and  white),  Egyptian  (colored),  and  Wild  or  Cana- 
dian (grey).  The  two  first  are  slightly  modified  descen- 
dants of  the  grey  lag  ( .\nser  anser  L.)  of  Northern  Asia  and 
Europe.  The  Chinese  goose  is  also  derived  from  a  distinct 
species  iCygnopsis  cygnoidvsi.  The  African  breed  is  be- 
lieved to  be  derived  from  the  Toulouse,  Embden  and 
Chinese.  The  Egyptian  goose  comes  from  a  different 
species,  iChenalopex  aegyp'iacus).  The  Canadian  goose 
is  the  domesticated  .American  wild  goose  (Branta  cana- 
densis). 

(b)  -Origin  of  Common  Cultivated  Plants 

Wheat. — Wheat  has  been  under  cultivation  for  thou- 
sands of  years  and  exists  now  as  four  well  defined  races 
Common,  Hard,  Polish  and  Egyptian.  No  wild  forms  of  these 
races  have  been  found.  Besides  the  true  wheats,  two  other 
related  species  are  in  cultivation  -  s/>f//  and  emmer,  and  X  is 
probable  that  the  true  wheats  have  been  evolved  from  an- 
cestral forms  much  like  spelt.  Recently  Aaronsohn,  a 
botanist  of  Palestine,  found  a  wild  wheat  growing  over 
large  areas  in  Palestine,  approaching  in  its  characters  to 
spelt  and  emmer.  It  cross-pollinates  and  is  very  resistant 
to  drought  and  disease.  It  is  believed  that  this  wild  wheat 
is  the  ancestor  of  our  cultivated  forms. 

According  to  Virgil  (Georgics  I,  1!»7)  the  Romans  ap- 
plied selection  to  their  cereals: 

"The  chosen  seed,  through  years  and  labor  improved. 
Was  seen  to  run  back,  unless  yearly 
Man  selected  by  hand  the  largest  and  fullest  ears."' 
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Apparently,  however,  little  improvement  in  cereals 
rof,t?n?!^y'?h'  \^^  begmnmg  of  the  19th  century,  when  Le 
^2ei  f  ?i  the  Island  of  Jersey,  on  the  suggestion  of  Le 
yasca  of  Madrid,  began  the  selection  of  ears  of  wheat  which 
differed  from  others  in  the  same  field.  One  of  these  new 
varieties  was  the  "Bellevue  de  Talavera."  still  grown  in 
S2?^i  «fn?/''^?''^-  .  ^^^^"^  °"'  Patrick  Shireff,  a  Scotch- 
^/t!^lil  .iv^/r^^^^°P^,^..^^^f  3^  •" "'"  varieties  by  selection. 
"?,yy^.^"rg?swell-  wh-.u,  llopctown"  wheat  and 
oats,    Pringle  's    wheat,  etc 

In  1857  Hallett  began  hi  '  ,>cdij;Tef;  c  Iture  "  of  wheat, 
oats  and  barley,  and  introdu  -  r.  the  Victoria,  Hunter,  Ori- 
ginal, Ked  an^  Golden  Drop  wheats,  the  Pdigree  White  Cana- 
bS^         ^  ^^''^^  ^^°'^*  '^°^^°^^'^"  °3^-  and  the  Chevalier 

Thecentgener  method  of  W.  M.  Hayes,  of  Minnesota, 
with  modifications  in  some  cases,  is  one  commonly  em- 
ployed in  cereal  breeding,and  consists  in  the  sowing  of  about 
one  hundred  seeds  from  each  of  the  mother  plants  selected 
tor  their  excellence  from  a  very  large  number  of  plants 
grown  from  the  best  grains.  Several  of  the  best  plants 
irom  the  centgener  group  are  reserved  for  seed,  and  the 
total  01  each  centgener  group  is  we  ghed  to  estimate  the 
comparative  value  of  each  of  the  original  mother  plants. 

This  process  is  repeated  for  the  third  and  fourth  years 
and  the  most  promising  varieties  are  planted  in  small  fields 
or  multiplying  plots      (See  also  page  loo). 

Bar  ley. —Three  distinct  races— the  two-rowed,  the  four- 
rowed,  and  the  six-rowed—have  been  in  cultivation  for 
thousands  of  years.  It  is  the  opinion  that  these  races  arose 
irom  a  wild  two-rowed  ancestor  in  prehistoric  times 

r  n,u^''^^'~^^i^J?^^^^  ^^^  ^^^n  cultivated  for  more  than 
5,000  years  in  China  and  India  where  selection  of  superior 
strains  was  practised.  fch^i 

/?3'e.— Several  related  species  of  rye  grow  wild  in  Eu- 
rope and  Asia,  so  that  there  seems  to  be  no  doubt  of  the 
origin  of  the  cultivated  form.    Its  domestication,  however 
IS  comparatively  recent.  wcvci. 

Oo/s.— The  modern  races  of  oats  are  not  of  great  antiq- 
uity. Several  closely  related  wild  species  are  to  be  found 
and  It  IS  very  probable  that  our  cultivated  forms  had  their 
origin  from  one  or  more  of  these  wild  species 
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Corn  or  A/ojzg.— Although  Maize  is  an  American  and 
a  comparatively  recent  plant,  its  origin  is  unknown.  The 
Indians  cultivated  it  before  the  arrival  of  Europeans.  It  is 
probable  that  it  was  evolved  from  one  or  more  of  the  many 
maize-like  plants  that  grow  wild  in  semi-tropical  America. 

Bean.— Tie  CandoUe  is  of  the  opinion  that  the  common 
kidney  or  haricot  bean  is  of  South  American  origin,  and  was 
introduced  into  Europe  soon  after  the  discovery  of  America. 
The  Lima  bean  is  also  a  native  of  South  America.  The 
common  broad  bean  of  Europe,  however,  had  its  origin  in 
the  Mediterranean  and  Caspian  basins  and  was  cultivated 
by  the  lake-dwellers  and  the  ancient  Egyptians. 

Pea.— Both  the  Field  and  the  Garden  Pea  originated 
in  the  Mediterranean  basin,  where  the  wild  form  grows. 
The  former  is  of  recent  introduction,  but  the  latter  is 
much  older,  having  been  cultivated  by  the  Greeks  and  Ro- 
mans, and  even  by  the  lake-dwellers.  It  originated  pro- 
bably from  the  wild  Field  Pea. 

Clovers.— These  legumes  are  of  comparatively  recent 
introduction,  perhaps  in  the  16th  century.  Wild  forms 
grow  in  the  Mediterranean  basin. 

/I //flf //a.— Although  this  plant  is  of  recent  introduction 
into  America,  it  was  cultivated  thousands  of  years  ago  by 
the  Persians.     It  grows  wild  in  Western  Asia. 

Po/o/o.— Evidence  points  to  the  Andean  slopes  as  the 
native  home  of  the  potato.  It  was  taken  to  Europe  by  the 
Spaniards,  and  then  by  them  also  to  the  United  States. 

Turnip  and  Cabbage  are  of  recent  introduction,  domes- 
tication ocurring  in  Northern  Europe  where  wild  forms  still 
ex  St. 

Apple.— The  apple  was  cultivated  by  the  lake-dwellers, 
the  Greeks  and  the  Romans  and  other  races  in  the  Mediter- 
ranean basin,  but  the  fruit  was  small  and  clustered  like  the 
crabs.  The  increase  in  size  and  flavor  belongs  to  compara- 
tively recent  times.  The  main  modern  varieties  have  orig- 
ginated  as  chance  seedlings,— probably  mutations  in  many 
cases. 

Jean  Van  Mons  (1765-1842),  a  Belgian,  and  Thomas 
Andrew  Knight  (1759-1838),  an  Englishman,  may  very 
properly  be  called  the  fathers  of  modern  fruit  culture,  the 
former  demonstrating  the  value  of  selection,  and  the  latter 
the  value  of  crossing  in  the  improvemen  of  plants.  In  the 
development  of  American  fruits  it  is  a  noteworthy  fact  that 
many  standard  varieties  were  "accidental  seedlings  or 
chance  discoveries  of  valuable  wild  forms." 
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Plum. — Two  common  strains  of  plums  exist — the  Eu- 
ropean idomestica)  and  the  American  (americana),  each 
originating  from  wild  species  of  which  there  ar-i  many.  The 
plum  was  early  don  esticated,  probablv  in  the  Mediter- 
ranean basin. 

Peach. — The  peach  probably  originated  in  Persia  or 
India,  but  its  wild  form  is  not  definitely  settled. 

Grape. — The  grape  has  been  cultivated  for  several 
thousand  years,  and  it  is  believed  that  most  of  the  present 
varieties  of  the  old  world  have  descended  from  Vitis  vini- 
fera,  which  is  probably  indigenous  to  Asia.  The  American 
cultivated  varieties  are  derived  from  three  native  species, 
V.  Tolundifolia,  V.  labrusca,  and  V.  vulpina  or  riparia,  or 
by  crossing  with  V.  vinifera.  The  California  grape  is  the 
vinifera  of  Europe. 

Citrous  Fruits.— The  orange,  lemon,  lime,  grape-fruit 
and  citron,  although  not  known  in  the  wild  form,  are 
believed  to  have  originated  in  Eastern  Asia.  Thev  have 
been  cultivated  for  several  thousand  years. 

Strawberry. — Although  there  are  a  dozen  wild  species 
only  a  few  have  ever  been  brought  under  cultivation. 
From  Keen's  Seedling  first  known  about  1821  most  of  the 
modern  strawberries  have  descended.  This  seedling  was 
derived  from  the  Old  Pine  class  which  again  was  derived 
from  an  American  species,  Fragaria  chiloensis.  In  America 
most  of  the  modern  varieties  have  come  from  Hovey's 
Seedling,  a  derivation  of  K'    i  's  Seedling. 

Rose. — The  numero.  •  eties  of  roses  have  been 
developed  by  hybridizatioi  .  .  clonal  or  bud  mutations  of 
many  wild  roses.  The  beautiful  Hybrid  Teas  have  ri?en 
from  four  species— the  chinensis,  gallica,  centifolia  and 
damascena. 

Sweet  Pea.— The  original  of  this  cultivated  plant  came 
from  Ceylon  in  the  pink  and  white  Painted  Lady.  From 
this,  white,  red,  black  scarlet,  blue  and  yellow  color  muta- 
tions as  well  as  mutations  in  form,  size,  and  habit  have 
arisen.  Later  extensive  b'-'bridization  and  selection  have 
developed  the  large  numbc     i  forms  of  the  present  day. 

Boston  Fern  — This  fern  arose  as  a  bud  mutation  from 
Nephrolepis  exaltata.  By  c  'tinued  bud  mutations  of  the 
Boston  fern,  the  numerous  jrms  of  the  present  day  have 
arisen. 
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It  has  been  noted  that  practically  all  of  our  cultivated 
plants  and  domesticated  animals  are  of  prehistoric  origin. 
As  man  progressed  in  the  arts  of  civilization  he  drew  upon 
wild  nature  for  contributions.  When  we  reflect,  then,  how 
few  the  domestications  have  been  in  historic  times,  we  are 
obliged  to  believe  that  prehistoric  man  maintained  for  long 
ages  a  high  civilization  when  fine  selective  sk'll  and  patient 
labor  transformed  wild  life  into  cultivated  fruitfulness  and 
domesticated  use. 

These  prehistoric  people  must  have  nad  "among  them 
their  Darwins  and  Vilmo:ins,'  their  Cartons  and  Bur- 
banks,  with  the  one  important  difference— that  these 
achieved  immeasurably  greater  practical  results  than  have 
as  yet  their  modern  successors"  (Thomson  and  Geddes, 
Evolution ) 

The  region  which  witnessed  such  transformations  was 
probably  the  Mediterranean  basin,  extending  from  Portu- 
gal tnrough  Asia  Minor  and  Persia  to  Korea.  Prehistoric 
cultivation  terraces  in  this  district  still  show  how  extensive 
were  the  plantations  in  ancient  times. 

Chapter  6— REPRODUCTION    OF  ANIMALS   AND 

PLANTS 

(a)— Kinds  of  Reproduction 

A  few  words  with  regards  to  the  modes  of  reproduction 
among  plants  and  animals.  For  convenience  we  may  divide 
organisms  into  unicellular  and  multicellular.  In  both  divis- 
sions  we  find  two  methods  of  reproduction,  viz. :  asexual  and 
sexual  Asexual  reproduction,  i.e.,  reproduction  without 
special  germ  cells  or  fertilization,  occurs  in  several  ways. 

[1)  By   division:     bacteria,    manv    algae;    protozoa, 

sponges,  coelenterates,  and  some  annelids. 

(2)  By  budding:  n.ost  plants  and  lower  animals. 

(.3)  By  the  formation  of  spores:  most  unicellulars  and 
many  multicellulars. 

<'*~T'"^,>'''"'"'-in  family  has  be.n  p.rhap.^  thf  foremost  plant  brt-e.iers 
in  iTame  for  over  ir.o  years,  l.oiiis  (IMB-lMlO)  was  tl  e  nro- 
.iuoer  of  the  improved  susar  l.eet,  and  the  inventor  of  the  cent- 
Keiier  and  line  method  of  breeding.  His  son  Henri  succeeded  to 
the  business  and  made  valuable  contributions  to  the  study  of 
heredity,  and  to  the  breeding  of  wht-.a  and  pototoes.  He  died  in 
l!sSJ  and  was  succeeded  by  his  .-son  Philippe  (1872-1917)  who  was 
one  of  the  most  noted  scienti.-ts  of  France.  He  wrote  valuable 
work.-<  on  wheat,  sugar  beet,  ginseng,  tobacco,  and  flower-garden- 
ing. Maurice,  uncle  of  T'liilippe.  is  specially  interested  In  Horti- 
culture on   which   he  has   written   several   hooks 
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Sexui'l  reproduction,  i.e.,  reproduction  by  means  of 
special  germ  cells,  occurs  in  some  unicellulars,  and  in  most 
multicellulars.     Three  methods  may  be  recognized: 

(1)  Heterogamy,  where  the  eggs  from  one  parent  are 

fertilized  by  sperms  from  another  parent; 

(2)  Autogamy,  or  hemaphroditism,   where   the   eggs 

are  fertilized  by  sperms  from  the  same  parent; 
and 

(3  >  Parthenogenesis,  where  eggs  may  develop  without 
fertilization,  as  among  Aphids,  and  in  Taraxa- 
cum,   Hieracium,    Antennaria,  AkhemiUa,  etc. 

Sexual  reproduction  in  both  plants  and  animals  came 
into  operation  after  the  asexual.  In  the  former,  up  to  the 
highest  forms,  asexual  and  sexual  methods  have  continued 
side  by  side,  but  in  the  latter  sexual  reproduction  whenever 
introduced  has  displaced  the  asexual,  with  a  few  exceptions. 
Parthenogenetic  development  is  rather  rare,  as  it  occurs  in 
a  few  groups  only,  while  autogamy  or  hermaphroditism  is 
quite  common  among  the  higher  plants  and  many  of  the 
animal  groups  such  as  the  sponges,  flat-worms,  certain 
parasitic  crustaceans,  bryozoans  and  tunicates.  It  seems 
to  be  associated  with  parasitism  or  with  a  sedentary  mode 
of  life. 

The  Germ  Cells  or  Gametes 

The  female  germ  cell  is  called  the  egg-cell  or  ovum.  It 
is  bounded  by  a  cell  wall  and  contains  food  substances  and  a 
nucleus.  The  latter,  however,  is  the  esseniial  part  as  it 
contains  the  chromatin  substance.  The  size  of  the  egg-cell 
varies  very  greatly— usually  minute,  but  large  in  birds- 
according  to  the  amount  of  the  food  substance  or  yolk.  In 
the  sponges,  corals,  star-fishes,  worms  and  mammals  the 
yolk  is  small  in  amount  and  is  diffused  evenly  through  the 
egg  cell.  In  the  Arthropods  the  yolk  occupies  a  central 
position.  In  the  Amphibians  the  yolk  lies  at  one  end,  and 
in  fishes,  reptiles  and  birds  the  yolk  occupies  nearly  the 
whole  egg-cell.  The  distribution  of  the  yolk  determines  the 
method  of  segmentation  after  ferilization.  (See  Fig.  22). 

The  male  germ  cell  is  called  the  sperm-cell  or  sperma- 
tozoon (in  animals).  It  is  very  much  smaller  than  the  ovum 
and  varies  in  shape  in  the  different  groups  of  animals.  In 
mammals  it  consists  of  a  small  pointed  head,  composed 
almost  entirely  of  nucleus,  and  a  long  vibratile  tail  for  pur- 
poses of  movement. 
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When  a  sperm-cell  meets  an  egg-cell  it  penetrates  the 
outer  coatmg  and  enters  its  substance.  The  tail  is  absorb- 
ed and  the  head  or  nuclear  part  moves  toward  the  egg- 
nucleus  which  at  the  same  time  moves  to  meet  it.  The  two 
nuclei  merge  into  one.  but  the  chromosomes  of  each  retain 
their  identity.  This  mingling  of  the  male  and  female  nuclei 
constitutes /er/i7/2o//on  and  the  initiation  of  cell-division  of 
cleavage  of  the  egg-cell .  The  fertilized  egg-cell  by  repeated 
divisions  forms  the  embryo. 

(b)— Fertilization  in  Seed  Plants 

The  nucleus  of  the  pollen  grain  divides  into  two~ 
the  generative  and  the  lube  nuclei— about  the  time  of  shed- 
ding of  the  pollen.  The  generative  cell  again  divides  into 
tv^o  male  nuclei  or  cells.  After  the  pollen  grain  reaches  the 
stigma  the  pollen  tube  is  formed  which  penetrares  the  style 
to  the  micropyle  of  the  ovule  in  the  ovary,  thence  through 
the  nucellus  to  the  embryo  sac.  The  two  male  cells  are 
then  discharged  irom  the  end  of  the  tube  on  reaching  the 
egg-cell,  -when  ferlilizalion  with  i^ubsequent  development  of 
the  embryo  is  effected;  the  other  fuses  with  the  endosperm- 
or  fusion-nucleus  near  the  centre  of  the  embryo-sac  and 
forms  the  endosperm  surrounding  the  embryo  (Fig.  4). 

(c) — Fertilization  in  Animals 

Fertilization  in  animals,  as  in  p'  nts,  consists  in  the 
fusion  of  a  male  cell  with  ;  n  egg-ceu.  This  fusion  takes 
place  among  the  higher  animals  within  the  body  of  the 
female;  but  in  fro^s  and  fishes  the  union  occurs  after  the 
eggs  are  laid. 

(d)— Development  of  the  Embryo  in  Seed  Plants 

(a)  In  Shepherd's  Purse  as  a  type  of  the  Dicotyledon- 
ous plants.  By  several  transverse  divisions  t  he  fertilized  egg- 
cell  becomes  a  thread-like  body  called  the  pro-embryo.  The 
last  cell  divides  into  octants,  the  four  terminal  cells  forming 
the  stem  and  cotyledons,  the  four  basal  cells  the  hypocotyl . 
By  i:  clinal  walls  the  dermatogen  (or  primitive  epidermis) 
layer  is  cut  off,  while  the  peribkm  (or  primary  cortex)  and 
the  plerome  (or  primary  stele)  are  soon  differentiated  from 
the  interior  tissues  by  many  divisions  (Fig.  .5). 

(b)  In  Arrow-head  as  a  type  of  the  Monocotyledonous 
plants.  By  two  transverse  divisions  a  three-celled  pro- 
embryo  is  formed,  the  terminal  cell  forming  the  cotyledon. 
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FiK.    I. — DiMsniin    of   an   ovary    of   a    [ilaiit    with    an    ovule, 
showiiiK    liiiMi-    various    parts,    at    liiiu-   of    fertilization. 
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Fig.   iV— StaKes   in   tlie  development  of  the  embrvo  of  the 
Shepherds  Purse,   showing  the  octant  section   1—1     and  2. 
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The  middle  cell  by  a  series  of  divisions  gives  rise  to  the 
whole  embryo,  including  the  stem,  hypocotyl  and  root  tip. 
The  stem  tip  arises  laterally  in  a  notch  in  thi;  side  of  the 
embryo. 

(e) — Development  of  the  Embryo  in  Animals 

The  fertilized  egg-cell  divides  rapidly  by  segmentation 
forming  a  mass  of  cells,  but  the  nature  of  segmentation 
differs  in  different  groups  of  animals  according  to  the 
amount  and  distribution  of  yolk  present.  In  mammals 
total  segmentation  occurs  and  the  cells  are  nearly  equal  in 
size;  in  frogs  and  toads  also  total  segmentation  occurs  but 
the  cells  are  unequal  on  account  of  the  large  amount  of  yolk. 
In  fishes,  birds,  reptiles,  partial  segmentation  occurs  on 
account  of  the  excessive  amount  of  yolk,  and  only  a  small 
disc-shaped  mass  of  protoplasm  lymg  on  top  of  the  yolk 
segments;  in  insects  and  crayfish  there  is  also  partial  seg- 
mentation but  the  segmentating  mass  of  protoplasm  is 
peripheral,  surrounding  the  central  yolk.  This  stage  of 
segmentation  is  called  the  blastula;  the  second  stage,  the 
gastrula,  is  formed  by  an  inpushing  or  infolding  of  the 
blastoderm  layer  so  that  a  body  with  two  layers  is  produced 
the  ectoderm  and  the  endoderm  layers.  Soon  a  third  layer, 
the  mesoderm,  is  formed  betwee ..  these  two,  chiefly  from 
the  endoderm.  From  these  three  layers  all  the  tissues  of 
the  body  are  formed.  From  the  ectoderm  arise  the  sense 
organs,  nervous  system,  and  outer  integument;  from  the 
endoderm  the  digestive  portion  of  the  alimentary  tract,  and 
from  the  mesoderm  the  skeleton,  muscles,  blood  and  lymph 
systems,  reproductive  organs  and  connective  tissues.  The 
manner  of  forming  the  animal  body  is  different  for  the  diff- 
erent groups,  but  in  the  vertebrates  "the  ectoderm  forms 
first  a  shallow  groove  along  the  axis  of  the  embryo,  which 
becomes  deeper  by  the  more  rapid  growth  of  the  sides,  until 
the  latter  closes  over  and  meets  above  to  form  a  tube,  the 
anterior  end  of  which,  by  a  further  complication  of  folds, 
flexures  and  cell  growth  becomes  the  embryonic  brain" 
(Abbott). 

With  regard  to  the  segregation  of  the  germ  cells  Weis- 
mann  says  that  in  one  group  of  animals  segregation  takes 
place  at  the  very  beginning,  and  in  the  other  group  it  does 
not  occur  until  a  later  period.  In  Ascaris  and  in  the  Dip- 
tera  among  insects  the  fertilized  ovum  divides  into  two 
cells,  one  giving  rise  to  the  whole  body  {soma)  and  the  other 
only  to  the  germ  cells  lying  in  this  body.     In  all  other 
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animals  the  primordial  germ-cell  appears  later,  after  the  first 
few  divisions  of  the  ovum,  during  or  after  the  embryogen- 

v]!,'  7^t"^f^*^i^,"^°^^t"P'^'"^  the  theory  (Evolution  Theory. 
Vol.  1,  pp.  410-411).  Jager  and  Messbaum  had  practically 
come  to  the  same  conclusion  earlier  for  they  had  observed 
that  at  an  early  stage  in  the  embryo  the  future  reproductive 
cells  are  distinguishable  from  those  forming  the  body.  Re- 
searches since  their  time  have  shown  the  early  origin  of 
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Rerm-cells  in  leeches,  threadworms,  several  insects,  some 
crustaceans  and  spiders. 

In  the  higher  plants,  however,  soma  plasm  and  germ 
plasm  reveal  no  visible  difference  although  in  some  false- 
graft  hybrids  Baur  and  Winkler  found  that  one  of  the  sub- 
epidermal layers  is  probably  alone  responsible  for  the  sex- 
ual cells. 

The  point  to  be  emphasized  in  development  is  the 
early  setting  apart  of  the  primary  germ  cells  before  the 
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body  is  formed.    The  body  does  not  produce  the  germ 
cells,  but  merelv  houses  and  nourishes  them. 

During  the  formation  of  the  body  by  the  multiplica- 
tion and  differentiation  of  the  body  cells,  the  primary  germ 
cells  are  relatively  inactive,  but  at  maturity  they  become 
active.  By  division  spermatogonia  and  ogonia  are  formed, 
then  spermatocytes  and  oocytes,  and  finally  spermatozoa  and 
ova  (See  Fig.  (i). 

Chapter  7— HEREDITY  AND  INHERITANCE 

"Some  are  born  great, — (Heredity). 
Some  achieve  greatness, — (Function). 
Some  have  greatness  thrust  upon  them." — (Environment) . 

— Shakespeare. 

Heredity  has  been  well  defined  as  "the  genetic  relation 
between  successive  generations,"  and  inheritance,  "all  that 
the  organism  is  or  has  to  begin  with,  in  virtue  of  its  heredit- 
ary relation  to  parents  and  ancestors"  (Thomson,  Heredity). 

The  three  factors  that  influence  an  organism  are  hered- 
ty,  function,  and  environment.' 

The  heredity  factor  is  often  called  Nature,  and 
those  of  function  and  enviroment  called  Nurture. 

The  modifications  produced  by  nurture  are  not  trans- 
missible, but  ihey  may  be  re-impressed  on  each  generation. 
Every  inheritance  requires  an  appropriate  nurture,  if  it  is  to 
realize  itself  in  development.  Nurture  supplies  the  libera- 
ting stimuli  necessary  for  the  full  expression  of  the  inheri- 
tance. "A  man's  character,  as  well  as  hi"^  physique,  is  a 
function  of  nature  and  of  nurture." 

The  determinati  1  of  the  laws  of  heredity  is,  perhaps, 
the  most  importan.  oi  biological  inquiries  for  the  reason' 
that  if  they  were  fully  understood  the  problem  of  the  mode 
ol  evolution  of  organic  beings  would  be  solved.     But  this 

(1) — Dr.  ChiilhierM  Mitrhell,  in  a  recent  volume  entitled  "ICvolution  and 
the  War,"  discusses  the  factors  operating  in  the  making  of 
nationality,  and  states  that  "the  study  of  nationality  Is  really  a 
study  of  'Kultur,'  "  i.e.,  the  "whole  set  of  forces,  partly  selective, 
partly  directive,  political,  educational,  social,  environmental  that 
go  to  the  moulding  of  the  national  character,  everything  in  fact 
that  nurture  can  itiipose  on  plastic  nature."  He  questions  the 
opinions  of  Dr.  Starr  Jordan  ("Th"  Human  Harvest").  Dr.  Saleeby 
("Parenthood  and  Race  Culture").  Dr.  J.  A.  Thomson  and  others 
regarding  the  effect  of  war  upon  the  human  stock;  and  chaffs 
those  eugenists  who  claim  that  by  selective  agencies  in  breeding 
mental,  moral  and  emotional  qualities  of  a  people  can  be 
modified. 

Dr.    Mitchell   contends  that    "nurture    is    incojicelvably    more    im- 
portant   than    n.-iture."    and    addurrK    many   argument.",    in    favor   of 
the  contention    (Thap.   V.). 
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matter  of  the  genetic  relation  between  successive  genera- 
tions IS  most  complex,  comprising,  as  it  does,  the  considera- 

S  .  "^2"l  ^'^^°^^  ^*  y?^  ^"^  partially  recognized  and 
understood:  however,  much  progress  has  been  made  in  the 
study  of  heredity  smce  Darwin's  day.  and  several  import- 
ant laws  have  been  discovered  so  that  order  is  takingthe 
place  of  chaos  m  some  fields  of  inquiry 

.  From  the  standpoint  also  of  the  practical  breeder  of 
animals  and  plants  a  knowledge  of  the  laws  of  heredity 
would  be  of  great  importance.    The  production  of  improved 

orms  of  our  domestic  animals  and  cultivated  plants  would 
be  tremendously  acce  erated,  and  a  corresponding  increase 
in  value  of  ammal  and  plant  productions  Would  take  place, 
.ho.  ^.^"y  proverbs  and  phrases  are  current  which  show 

hat  the     common  man     emphasizes  the  importance  of 

heredity  and  environment.  Some  of  these  are  "Like  father 

like  son:"  "Get  a  cat  of  a  good  kind:"  "The  fathers  have 

eaten  sour  grapes,  the  children's  teeth  are  set  on  edge-" 

The  corncrib  cross;"  "The  breed  goes  in  at  the  mouth!" 

\ou  cannot  make  a  silk  purse  of  a  sow's  ear;"  One  can- 

!'Thf ^i-M  •^'■^Pl^- H"V^'^°.'"P  "O""  "ss  from  thistles;" 
The  child  IS  a  chip  of  the  old  block;"  "Wooden  legs  are 

boL  •" '•Sfr^iS'^t  r^'^fe'^^^  ""''':  "What's  bredfnthe 
bone.  Blood  tells;  "Every  good  tree  bringeth  forth 
good  iruit.  but  a  corrupt  tree  bringeth  forth  evil  fruit." 

Methods  of  Investigating  Heredity 

,1  .M.  Ju^^^  r?^'^ ""!  '■^search  have  been  conducted  by  stu- 
dents of  heredity:  ( 1 )  by  studies  of  statistics  of  the  progeny 
o  crossing  strains  of  plants  and  animals,  after  the  manner 
.nl  Ualton  and  Pearson:  the  Statistical  Method:  (2)  bv  ex- 
M mentation  after  the  manner  of  Mendel  and  his  followers- 
t  e  Mcndehan  Method;  and  (;{)  by  the  microscopic  studv  of 
the  gem,  cells  and  the  behavior  of  the  contained  chromo- 
somes, after  the  manner  of  Weismann  and  his  followers: 
the  Biologic  Method. 

(a)— The  Statistical  Study  of  Heredity 

The  statistical  method  of  study  of  problems  in  hereditv 
was  first  applied  by  Francis  Gallon  Later,  important 
additions  were  made  by  Pearson  and  his  associates,  so  that 
there  is  now  a  large  number  of  reports  based  on  statistical 
studies  of  various  phases  of  evolution.  The  nevv  science  is 
called  Biometry  or  Biometrics.  sv-ieiiLe  is 
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Biometry  is  of  value  in  the  determination  of  general 
laws  relating  to  various  phenomena  of  heredity  in  ffopula- 
lions  or  in  races  as  a  whole.    It  furnishes  information  re- 

? larding  the  Irend  of  evolution  as  influenced  by  operating 
actors,  individually  and  collectively. 

(b)     Galton's  Law  of  Ancestral  Inheritance  (1889)   . 

Galton  formulated  a  law,  based  on  data  as  to  stature 
and  other  characteristics  in  man,  and  as  to  coat-color  in 
Basset  hounds.     It  may  be  stated  as  follows: 

The  parents  together  contribute  one-half  the  total  her- 
itage: the  four  grandparents  together  one-fourth;  the  eight 
great -grandparents  one-eighth,  etc.  This  law,  it  should  be 
borne  in  mind,  is  only  true  on  an  average  for  a  large  number 
of  cases. 

Karl  Pearson  has  also  investigated  this  law.  and  practi- 
cally substantiates  it.  Mendelists.  however,  attempt  to 
show  that  Galton's  and  Mendel's  views  are  not  yet  in  har- 
mony. It  should  not  be  forgotten  tha^  one  is  a  "statistical 
formula  applicable  to  averages  of  successive  generations 
breeding  freeh'.  and  the  other  a  physiological  formula, 
applicable  to  particular  sets  of  cases  where  parents  with  con- 
trasted dominant  and  recessive  characters  are  crossed,  and 
their  hybrid  offspring  are  inbred"     (Thomson). 

Statistical  method'*  for  the  study  of  inheritance  are  use- 
ful in  cases  which  Mendelian  analysis  cannot  solve.  There 
are  probably  characters  which  are  not  inherited  according  to 
Mendel 's  laws;  and  there  are  some  somatic  characters  deter- 
mined by  so  large  a  number  of  factors,  e.g.,  stature,  that 
their  identification  may  be  beyond  the  range  of  practical 
breeding.' 

(i) — Galton's  Law  of  Filial  Regression 

Galton  and  Pearson  have  also  worked  out  another  law 
of  inheritance  which  may  be  stated  as  "the  tendency  to 
approximate  to  the  mean  or  average  of  the  stock."  This  is 
called  the  Law  of  Filial  Regression.  Galton's  data  dealt 
with  the  stature,  eye-color  and  artistic  faculty  of  about  l.')0 
families.  Pearson's  conclusions  are  given  as  follows: 
'Fathers  of  a  given  height  have  not  sons  all  of  a  given 
height,  but  an  array  of  sons  of  a  mean  height  different  from 
that  of  the  father,  and  nearer  to  the  mean  height  of  sons  in 
in  general.     Thus,  take  fathers  of  72  inches,  the  mean 

(i» — Other  I'omplex  problems  in  heredity  are  the  speed  of  race-horHes, 
milk  production  in  cuttle,  and  the  texture  of  wool  when  breedf 
are   cTOMsed. 


height  of  their  sons  is  70.8  inches,  or  a  regression  towards 
the  mean  of  the  general  population.  On  the  other  hand, 
fathers  with  a  mean  height  of  m  inches  give  a  group  of  sons 
ol  a  mean  height  68.3  inches,  or  a  />rogrMS/o«  towards  the 
mean  of  the  general  population  of  sons.  The  general  re- 
sult 18  a  sensible  stability  of  type  and  variation  from  genera- 
tion to  generation"  (Pearson.  Grattnnar  of  Science). 
♦  •  V^u  ^°i'owinK  chart  shows  graphically  the  results  ob- 
tained by  Pearson  in  his  investigation  where  more  than  a 
thousand  pairs  of  fathers  and  sons  were  measured  The 
line  AB  joinin«  the  jwints  in  the  chart  is  nearly  straight  but 
not  horizontal,— in  fact  about  half  wav  to  4.')' 
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if  thl^^  ',"  ■?k''^u^'u"  ••^-  i  ^^"^  '•"'^  were  horizontal,  i.e., 
if  the  angle  with  the  horizon  be  ()^  all  the  sons  would  be  of 

'if^V^n^''^nu^]^^'  ^"^  '^^  inheritance  would  be  zero 
(tan  0  =0) :  if  the  line  wer,>  inclined  1.5°  all  the  sons  would  be 
of  the  same  average  height  as  the  fathers  and  inheritance 
would  be  unity  (tan  4r>°  =  i ) .  As  the  line  is  about  2^o^?he 
average  height  of  the  son  is  about  half  way  between  the 
height  of  the  father  and  the  mean  height  of  theVace  This 
fraction  is  termed  the  co-efficient  of  kenditv,  and  is  expressed 


mathematically  by  the  lantent  of  the  angle  of  inclination 
from  the  horizontal. 

This  coefficient  of  heredity  for  stature  in  man  (  -.51) 
is  high,  "  which  indicates  either  that  stature  is  very  largely 
a  matter  of  heredity  or  that  environmental  conditions 
usually  tend  to  have  similar  effects  on  father  and  son." 
Studies,  show,  however,  that  the  coefficient  of  heredity 
depends  altoRether  on  the  nature  of  the  case.  Within  a 
"pure  line* '  the  coefficient  is  zero;  in  a  mixed  population  of 
sweet  peas  the  coefficient  is  about  unity.  The  cc^fficient 
of  heredity  for  speed  in  horses  is  not  known  but  would  be 
valuable. 

(d)— Value  of  Biometric  Studies 

It  is  plain  that  statistical  results  apply  to  averages  and 
not  to  individuals.  In  heredity  biometrics  does  not  take 
into  account  the  kinds  of  varieties  but  the  gross  total,  and 
for  this  reason  it  does  not  help  the  geneticist,  who  desires  to 
know  what  will  definitely  occur  in  any  particular  case.' 

Castle  says  that  Galton's  Law  works  fairly  well  in 
cases  of  blended  inheritance,  but  "as  a  useful  generaliza- 
tion it  is  now  pretty  genet  ally  discredited.  The  reason  is 
fairly  obvious.  It  was  an  attempt  to  unify  in  classification 
things  of  unlike  character  viz.,  blending  and  Mendelian 
inheritance." 

Biometrics  has  nevertheless  proved  useful  in  showing 
the  falsity  of  many  current  beliefs.  For  example .  it  i:  a 
popular  belief  that  in  human  matings  "opposites  attract 
each  other."  Pearson  shows  clearly  that  there  is  a  de- 
cided tendency  for  "  like  to  mate  with  like."  He  has  found, 
moreover,  that  "tall  women  procreate  faster  than  small 
women,  also  that  dark-eyed  people  are  more  fertile  than 
light-eyed. 


Chapter  8— 


UNIT  CHARACTERS- 


As  a  re?ult  of  the  investigations  of  Mendel.  DeVries 
and  others,  there  has  arisen  the  conception  of  unit  charac- 
ters, which  enters  largely  into  recent  studies  of  heiedity. 

(1)— A  K'.-nctii'ist  h.i;->  made  the  following  facetious  comparison  between 
statist iiul  anil  Mcinlelian  mcliioils  of  Htudying  heredity.  It  is 
implieil  in  the  atixwer  to  the  question;  Why  do  white  sheep  eat 
more  than    bl.acli   sheep? 

(J)— Herliert  Sp«'nrer  hav  tlie  honor  of  first  putting  forward  the  Idea 
of  organic  units  in  connection  with  a  theory  of  heredity.  In  the 
"Principles  of  Biology"  (18fi4)  he  called  these  "physiological 
units."  They  circulate  through  the  body  and  "In  course  of  time 
visit  all  parts  of  the  organism."  Moreover,  he  assumed  that  the 
germ-cells  are  derived  from  the  parent-body  and  that  modifi- 
cations imprssp^d  upon  thp  bo4y  produi'p  Klmllwr  mo<lifi."ationK 
on  the  offspring. 


co«^^^*>^  organism,  according  to  DeVries.  consists  of  thou- 
^vf  I'':;  ejementary  entities  or  units  which  combine  to 
give  It  Its  form  and  functions.     Similaritv  of  soecies  con 
sists  in  the  similarity  of  these  elementary  unit  characters 
I^mlt  i?3f "'  species  contain  one  or  more  different  units.' 
A  unit  may  express  itself  in  diflferent  organs,  so  the  principle 

^LT},1  "'^/  ^^'P-^?  ^^P^f "  the  large  number  o  "corrda^ 
Uons  often  discernible  in  plants.     "The  correlated  external 

iS'nauYafkX's'!^''  '^  "^  '''  ^^^'^'^--^  o'  the  same 

mnchiJi  oo  ^'■fp^H'"  ^  ".umber  of  characters  may  be  distin- 
guished capable  of  varying  independently  and  of  being  iso- 
HpnlnL?  ""^^"^  separately  in  breeding  experiments,  each 
fcP  "c  %h"  ^  IP^"^^  transmissible  geriSnal  factor  or 
lactors.  These  characters  are  known  as  unit  characters 
^rn  tP^^*^^^f°uTt  characters  lies  at  the  base  of  the  mod- 
ern theory  of  hybridism— Mendelism.  "All  the  modes  of 
f hfl'f  •''"  °^  °"^  unit  must  steadily  keep  together  whenever 
the  entire  group  of  characters  are  thrown  into  one  another 

Unit  characters  cannot  be  split  or  broken  up.  and 
1^  produced  ''  ""'  '"^'tracted  from  a  type  a  mutation 

..nfiif  ^"^f t™es  happens  that  a  character  will  disappear 
entirely  m  the  course  of  time.  Such  a  form  is  termed  bv 
DeVries  a  retrograde  variety  When  an  entirely  new  char- 
acter appears  It  IS  termed  a  Progressive  Mutation.  DeVries 
Uon  ^°  ^^^  ^^^  ^^^^^  ^^^tor  in  evolu- 

^aiH  JJI^h^n  ^h3''?cter  appears  that  has  been  latent  it  is 
said  to  be  Degressive  Mutation. 

"Varieties  differ  from  elementary  species  in  that  thev 
do  not  possess  anything  really  new.  They  originate  for  the 
greater  part  in  a  negative  way  by  the  apparent  loss  of  some 
quality;  and  rarely  in  a  positive  manner  by  acquiring  a  char- 
^9jer  already  seen  in  allied  species"  (DeVries.  Sp^ctesmd 

(a)~Correlation  of  Characters 

It  is  frequently  observed  that  a  particular  color  in  a 
flower  is  associated  with  a  particular  taste  or  color  in  the 
fruit  or  seed,  or  a  particular  color  with  a  particular  form 

Judges  and  students  of  live  stock  have  long  been  famil- 
iar with  the  fact  that  certain  characters  always  go  tSgXr 
as  if  they  were  produced  by  the  same  cause  and  were  ex- 
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pressions  of  the  same  character.  One  must  be  careful ,  how- 
ever, to  distinguish  between  correlation  and  mere  associa- 
tion of  characters.  Correlated  characters  move  together 
—for  example,  short-beaked  pigeons  have  small  feet,  hairless 
dogs  have  imperfect  teeth,  ?nd  blue-eyed  tomcats  are  deaf. 

It  is  not  always  easy  to  determine  to  what  extent  char- 
acters really  move  together.  It  is  not  safe  to  trust  to  mere 
impressions  of  a  correlation;  not  until  actual  measurements 
and  calculations  are  made  can  one  be  sure  of  the  movement 
together  of  characters. 

Correlations  often  exist  in  plants  between  botanical 
marks  and  the  bi  ceding;  qualities.  Nilsson's  work  at 
Svalof,  in  Sweden,  has  shown  the  value  of  such  correla- 
tions. Take  for  example,  the  selection  of  Primus  barley, 
of  different  strains  of  peas,  oats,  and  clovers,  etc.  This 
principle  of  correlation  of  characters  is  being  followed  up  by 
many  experimenters. 

Burbank'  uses  intuitively  this  principle  in  his  large 
selections,  for  he  makes  the  majority  of  them  while  the 
plants  are  in  the  seedling  stage.  He  can  "predict  one  qual- 
ity or  one  function  from  the  study  of  others." 

This  correlation  of  characters  brings  forward  again  the 
idea  of  unit  characters  which  forms  the  basis  of  Mendelism . 
The  idea  of  correlation  forces  on  us  the  assumption  that  the 
unit  may  express  itself  in  many  ways — in  the  leaf,  seed,  stem 
or  tissue.  "The  correlated  external  marks  may  be  but  the 
expression  of  the  same  internal  character." 

The  recent  work  of  Morgan  with  Drosophila  brings  out 
clearly  the  fiCt  that  "every  change  in  the  germ-plasm 
I  variation)  affects  not  one  but  a  large  number  of  characters; 
and  conversely,  every  visible  character  is  the  result  of  the 
concurrent  action  of  a  large  number  of  factor-differences 
or  variations. 

(b) — Coeflficient  of  Correlation 

The  ratio  of  correlation  between  separatejcharacters  is 
called  the  Coefficient  of  Correlation.  When  the  coeffi- 
cient is  1  the  two  characters  involved  are  perfectly  correl- 
ated, when  0  they  are  indifferent,  and  when  -1  they  are 
mutually  exclusive. 

When  inter-relations  are  expressed  in  the  form  of  a  co- 
efficient or  ratio  many  errors  of  judgment,  and  truths  as 

(1)—  I.uther  Burbank  (1849-  )  11 /es  at  Santa  Rosa,  Cal.,  where  he 
conducts  hi.s  experiments  on  the  breeding  of  new  plants.  Some 
of  his  productions  are  the  Burbank  potato.  Burbank  i)lum.  plum- 
cot,  seedless  prune,  royal  walnut.   SDineless  cactus,  etc. 


well,  are  likely  to  be  re^  ealed.    The  following  problems  at 
fromXtrutir'  "'"'"^"  correlations  which^Sayte'far 

(1)  What  is  the  correlation  between  length  and  weight 

in    ears    of    corn? 

(2)  Between  white  cats  and  deafness? 

(3)  Between  black  pigs  and  cholera? 

Yule 's  formula  is  generally  used  in  problems  of  correla- 
tion  mvolvmg  presence  or  absence  but  not  degree  as  in 
problems  (2)  and  (3)  above.  M  and  N  are  the  fhfrkcters 


M  present 

M  absent 

N  present 

a 

b 
d 

N  absent 

c 

ad -be 

r  —  — 

ad+bc 

When  the  characters  are  present  in  varying  decree  as 
m  problem  (1)  above,  another  formula  is  employe  '  - 
DlDw  ■ 


r   = 


Dl 
Dw 

Sl 
Sw 


n  Sl  Sw 

deviation  from  mean  length  (or  size  etc.)  of  ears 
deviation  from  mean  weight  of  ears, 
standard  deviation  of  length  of  ears 
standard  deviation  of  weight  of  ears. 
(bee  Davenport,  Principles  of  Breeding) 


Chapter  9-THE  TRANSMISSION  OF  CHARACTERS 

(a)- Darwin's  Theory  of  Pangenesis  (1869) 

tro„  ^y^'ial  theories  have  been  proposed  to  account  for  the 
transm  ssion  of  modifications     Darwin,  in  his  Variation  nf 
Ammals^  and  Plants  under  Domestical  on,  suggested  that 
(r^^    IT!^"^^  r'^'^i^^'    C3"ed   gemmules,  aff  given  off 
from  all  the  celfs  of  the  body,  which  multiply  by  fission  and 
are  ultimately  carried  to  and  aggregated  in  the  germ  ceHs 
In  development  the  gemmules  unite  with  others  ifke  them-' 
selves,  and  grow  mto  cells  like  those  from  whkh  thev  weTe 
origma  lygivenoff   This  theory  has  been  shown  untenable 
by  Galton  and  others;  besides  it  is  based  on  the  erroneous 
idea  that  the  body  makes  the  germ  celir  erroneous 
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(b)— DeVries'  Theory  of  Intracellular  Pangenesis 
or  The  Pangen  Theory  (1889) 

This  theory  may  be  summarized  as  follows: 
Organisms  are  built  up  of  unit  characters  which  are 
independently  variable  and  heritable.  They  are  repre- 
sented in  the  germ  plasm  of  the  nucleus  by  definite  bodies 
(pangens)  which  constitute  the  chromosomes.  These 
pangens  multiply  in  the  idioplasm  of  the  nucleus.  Some  of 
them  migrate  into  the  surrounding  cytoplasm,  where  they 
become  active  and  give  it  a  particular  character.  A  small 
number  of  pangens  always  remain  in  the  nucleus,  and  is 
handed  on  from  cell  to  cell  by  nuclear  division.  Into  each 
cell,  as  it  is  formed,  a  fresh  migration  of  pangens  occurs. 
"Itwillbeooservod  that  DeVries  drops  Darwin's  idea 
of  migration  of  the  gemmules  from  the  organism  into  the 
germ  plasm,  and  starts  with  these  gemmules  as  permanent 
constituents  of  the  germ  plasm." 

(c)— Weismann»  and  Weismannism 

Weismann's  main  contribution  to  evolution  literature 
is  his  Germ  Plasm  Theory.  This  is  primarily  a  theory  of 
heredity,  and  only  when  it  is  considered  in  connection  with 
other  related  matters  does  it  become  the  theory  of  evolu- 
tion called  Weismannism  (Fig.  0). 

Weismann  (1834-1914,^  argued  that  as  all  higher  ani- 
mals and  plants  have  originated  from  a  single  cell,  a  fertil- 
ized egg,  this  minute  structure  "must  contain  all  the  heredi- 
tary qualities,  since  it  is  the  only  material  substance  that 
passes  from  one  generation  to  another.  This  hereditary 
substance  is  the  germ  plasm,  and  Weismann's  sprcial  the- 
ory IS  called  the  Continuity  of  the  Germ  Plasm.^  The  fertil- 
ized egg-cell  is  the  result  of  fusion  of  two  germ-cells,  the 
larger,  the  female  egg-cell  or  ovum,  and  the  smaller,  the  male 
sperm-cell.  Since  the  offspring  often  contains  characteristics 
of  both  parents  it  is  also  evident  that  each  germ-cell  must  be 
the  bearer  of  special  hereditary  qualities.  The  body  or 
soma,  according  to  this  idea,  is  merely  "an  offshoot— a  house 
built  up  out  of  a  part  of  the  substance  of  the  original  germ- 
cell  to  shelter  it  until  it  decays,  and  the  germ-cell  is  trans- 
mitted to  another  house." 

(1,  — WeLsmann  studied  medicine  at  OattiriKen,  and  for  over  fifty  year« 
was   teacher    and    professor    of   Zoology    in    Freiburg    University 
He   was  afflicted   with   an   eye   trouble   whicli  interfered   witli    t'' 
work    for   many   years 

(2) — This   theory   was   first    formulated    bv    franris   (Walton   in    li-TS    in 
his  ".miri>"   theory  of  heredity. 
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"Germ  Plasm  has,  therefore,  had  unbroken  continuity 
from  the  beginning  of  life,  and  owing  to  its  impressionable 
nature  it  has  inherited  an  organization  of  great  complexity. '  * 
"In  development  a  part  of  the  germ  plasm  {i.e.,  the 
essential  germinal  material)  contained  in  the  parent  egg 
cell  is  not  used  up  in  the  construction  of  the  body  of 
the  offspring  but  is  reserved  unchanged  for  the  formation 
of  the  germ-cells  of  the  following  generation"  (Weismann). 

The  relationship  between  germ 
plasm  and  body — or  soma-plasm  is  shown 
m  the  following  diagram: — 

G  is  the  fertilized  ovum  which  divides 
into  body  cells  Bi  and  the  germ-cells 
Gi.  G2,  G3,  G4,  Gs,  are  the  lineage  or 
chain  of  germ  cells  and  B.,  B,,  B4,  Bs,  are 
the  lineage  of  body-cells. 

In  development  a  part  of  the  germ 
plasm  contained  in  the  parent  egg-cell  (G) 
is  not  used  up  in  the  construction  of  the 
body  (Bi)  of  the  offspring,  but  is  reserved 
unchanged  for  the  formation  of  the  germ- 
cells  of  the  following  generation. 

The  difference  between  the  old  con- 
ception and  Weismann 's  conception  of 
the  relation  between  successive  genera- 
tions is  naively  put  by  Samuel  Butler: 
"It  is  not  to  say  that  the  hen  produces 
another  hen  through  the  medium  of  an 
egg,  but  to  say  that  a  hen  is  merely  an 
egg's  way  of  producing  another  egg." 

Variations,  according  to  the  Germ 
Plasm  theory,  are  the  result  of  the  union 
of  the  male  and  female  germinal  elements. 
The  mixture  of  these  plasms  {amphimixis)  in  fertilization 
gives  great  possibilities  of  variations  arising  from  the  differ- 
ent combinations  and  permutations  of  the  vital  units  within 
the  germ  plasm.  In  single-celled  organisms  Weismann 
states  that  the  environment  produces  variations  directly. 

Weismann,  moreover,  denies  that  acquired  characters 
are  transmitted  from  parent  to  offspring.  His  argument  is 
as  follows:  "Acquired  characters  affect  the  body  cells,  and 
the  latter  are  simply  a  vehicle  for  the  germinal  elements, 
which  are  the  only  things  concerned  in  the  transmission  of 
hereditary  qualities.     Inheritance,  therefore,  must  come 


Fip.   8. 
DliiKram      illustrn- 
tiiiK    i<l(;i    of    coii- 
timiity      of       Kerm 
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through  alterations  in  the  germ  plasm,  and  not  directly 
through  changes  in  the  body-cells  "'  Besides,  Weismann 
adopts  and  extends  the  principle  of  Natural  Selection  of 
Darwin  by  the  conception  of  Germinal  Selection.  He  re- 
presents a  "struggle  among  the  determining  elements  of  the 
germ-cell 's  organization.  It  is  at  least  conceivable  that  the 
stron(?er  "determinants,"  i.e.,  the  particles  embodying  the 
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rudiments  of  certain  qualities,  will  make  more  of  the  food 
supply  than  those  which  are  weaker,  and  that  a  selective 
process  will  ensue"     (Thomson). 

Panmixia. — Weismann  attempted  to  explain  how  use- 
less organs  degenerate  under  the  operation  of  Natural  Se- 
lection by  his  theory  of  Panmixia.  When  under  new  con- 
ditions certain  organs  become  useless  natural  selection 
ceases  to  operate,  and  the  individual  will  no  longer  be  at  a 
disadvantage  and  therefore  will  survive.     The  crossing  of 

(J) — The  Idea 'Of  Germinal  Continuity  was  suKRested  also  l)v  i^iweii 
(1849),  Haeckel  (1874),  Rauber  (1S79).  Calton.  .laRer,  "  Hrooks 
(187S),  and  Nussbauni. 


individuals  with  a  more  or  less  useless  organ  will  result  in 
the  production  of  progeny  that  is  below  the  general  level 
of  efficiency,  and  the  organ  will  appear  degenerate. 

General  mixing  of  this  nature  Weismann  called  Pan- 
mixia. 

Objections  to  Weismann' s  Theory.— Th^  main  object- 
tions  come  from  botanists  who  find  in  plants  the  common 
phenomenon  of  regeneration  of  the  whole  organism  from 
parts  which  do  not  contain  the  reproductive  organs.  In 
plants  like  begonia  and  marchantia  the  vegetative  cell  must 
contain  the  same  initials  as  the  germ  cell,  and  there  is  no 
difference  in  the  hereditary  characters. 

1.  The  hereditary  characters  are  not  confined  to  the 
germ-cells,  e.g.,  in  plant  regeneration  by  cuttings, 
grafts,  etc.  Weismann  supposes  that  in  the  higher 
plants  germ  plasm  is  contained  in  a  great  many 
cells,  in  a  latent  state,  and  only  becomes  active 
according  to  the  influences  bearing  on  it. 

2.  The  chromosomes  are  not  definite  organs  of  the 
cells,  as  they  disappear  in  the  anaphase  stage  of 
cell  division  (see  Jost). 

3.  The  chromosomes  do  not  constitute  the  whole  of 
the  nucleus,  and  perhaps  the  hereditary  capacitv 
lies  in  some  other  nuclear  substance  (See  Jost). 
"In  Lilium  it  has  been  demonstrated  that  when 
fusion  occurp  .here  is  no  cytoplasm  whatever  in- 
vesting the  n„-ile  nucleus." 

4.  In  certain  hybrids,  i.e.,  Cytisus  adami  (C.  laburnum 
X  C.  purpureus)  initials  are  sometimes  lost  (see 
Jost  and  Baur).  Cytisus  adami  is  a  sterile  hybrid 
and  has  most  organs  intermediate  in  character. 
It  splits  in  a  vegetative  way,  reverting  to  its 
parents. 

5.  A  possibility  of  migration  of  idioplasm  from  one 
cell  to  another. 

•).  The  germ  plasm  must  be  preserved  along  with  the 
soma  plasm  in  plants  when  not  in  flower,  else  where 
does  the  germ  plasm  reside  in  the  sporophyte?  • 

7.  The  germ  plasm  in  the  sex  elements  of  flowers  may 
be  directly  exposed  to  external  influences  (Hen- 
slow,  The  Origin  of  Floral  Structures). 

8."  The  non-transmissibility  of  acquired  characters  is 
not  a  corollary  of  the  com  inuity  of  the  germ  plasm. 

9.  Asexually  multiplied  plants  show  variations  and 
these  variations  may  be  transmitted  from  genera- 
tion to  generation  (Bailey). 
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Weismann's  Theory  regarding  the  Constitution  of  Germ 
Plasm.— "The  physical  basis  of  inheritance— the  germ 
plasm — lies  in  the  chromatin  of  the  nucleus  of  the  germ  cell , 
which  takes  the  form  of  a  definite  number  of  chromosomes 
or  idants. 

"The  chromosomes  consist  of  ids,  each  of  which  con- 
tains a  complete  inheritance. 

*'  Each  id  consists  of  numerous  primary  constituents  or 
determinants. 

"A  determinant  is  usually  a  group  of  biophors,  the 
minutest  vital  units. 

'The  biophor  is  an  integrate  of  numerous  chemical 
molecules  (Compare  with  Morgan's  views). 

Chapter  1()- CONGENITAL    AND    ACQUIRED 
CHARACTERS 

Two  facts  stand  out  prominently  in  the  study  of  suc- 
cessive generations  of  individuals  in  both  plants  and  ani- 
mals : 

(1)  The  strong  resemblance  or  the  persistence  of  like 
characters  from  generation  to  generation,  the  idea  being 
often  expressed  by  the  phrase  "like  begets  like;"  and 

(2)  the  occurrence  of  variations  among  individuals 
even  of  the  same  parentage,  expressed  by  the  phrase  "like 
begets  unlike." 

These  conclusions  hold  true  whether  the  plant  or  ani- 
mal is  produced  asexually  or  sexually.  There  are,  it  is  true , 
differences  among  organisms  in  degree  of  variability,  but 
the  fact  of  universal  variability  remains. 

In  the  discussion  of  characters  that  may  be  transmitted 
two  kinds  are  generally  recognized,  viz. :  congenital,  or  more 
correctly  blastogenic.  i.e.,  those  characters  "that  have  aris- 
en through  causes  affecting  the  germ  plasm  directly;  and 
acquired  or  somatogenic,  those  that  affect  the  body  during  its 
development.'  It  is  conceded  that  congenital  or  blastogenic 
characters  can  be  and  are  transmitted,  but  it  has  long  been 
disputed  whether  acquired  or  somatogenic  characters  can  be 
transmitted  (Neo- Darwinian  and  Neo-Lamarckian  discuss- 
ions). In  other  words,  it  is  not  conceded  thai  "structural 
changes  in  the  body  induced  by  changes  in  functional  or  en- 
vironmental influence  will  sriecifically  affect  the  reproduc- 
tive cells;  that  these  will,  if  they  develop,  reproduce  the 
modification  acquired  by  the  parent  or  parents." 

The  weight  of  evidence  seems  to  be  against  the  theory 
of  transmission  of  acquired  characters 

57 


Summarizing,  we  may  arrange  characters  as  follows : 
A.  Congenital  Characters 

(a).  Inherited  (growing  under  the 
stimulus  of  function  and  envi- 
ronment. 
(b)  Variations. 


An  individual 


is  made  up  of 


B   Acquired  Characters  obtained 

(a)  by  action  of  environment. 

(b)  by  function. 


(a)~Inheritance  of  Acquired  Characters  or  Somatic 
Modifications 

It  will  be  recalled  that  Lamarck's  theory  of  evolution 
myolved  the  inheritance  of  the  acquired  characters  ob- 
tamed  through  the  effects  of  use  and  disuse  of  parts.  Dar- 
win s  Theory  of  Natural  Selection  also  implies  the  herit- 
ability  of  useful  variations.  But  this  proposition  has  been 
challenged  by  many  recent  investigators,  the  chief  being 
Weismann.  E.  Davenport  (Principles  of  Breeding)  and 
others  assert  that  the  term  "acquired  characters"  should 
not  be  used,  inasmuch  as  the  moiifications  referred  to  are 
differences  in  degree  not  in  kina,"  and,  therefore,  are  not 
wew  characterr.  nor  acquired  characters.  In  the  discussions 
on  this  question,  as  a  rule,  zoologists  are  opposed  to  the  idea 
of  transmission  of  acquired  characters,  and  many  botanists 
are  in  favor  of  it.  The  two  camps  have  been  called  the 
Neo-Darwinian  and  the  Neo-Lamarckian  respectively. 

The  distinguishing  tenets  of  Neo- Darwinism  are:  Var- 
iation is  of  sexual  or  internal  origin,  and  acquired  charact- 
ers or  somatic  modifications  are  not  hereditary.  Those  of 
Neo-Lamarckism  are:  External  causes  or  the  environment 
are  directly  responsible  for  much  variation,  and  acquired 
characters  are  often  hereditary. 

Everyone  knows  that  modifications  are  acquired  by 
the  individual  during  its  life-time,  under  the  influences  of 
the  conditions  to  which  it  is  exposed.  Living  things  must 
in  niany  cases  adjust  themselves  to  the  changing  conditions 
of  their  surroundings.  Usually  the  penaltv  of  non-adjust- 
ment IS  death. 

Acquired  characters  or  somatic  modifications  mav  be 
arranged  into  four  groups: 

(1)  Mutilations. 
2)  Diseases. 
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(3)  Adaptations  to  external  conditions. 

t.4)  Functional  adaptations. 

With  regard  to  mutilations  there  is  no  trustworthy 
evidence  that  such  are  heritable.'  It  is  difficult,  more- 
over, to  believe  that  the  modifications  made  on  our  bodies 
by  accidents,  by  disease,  by  exposure  to  environment,  or  by 
the  functional  activity  of  parts,  for  such  are  occurring  every 
day,  are  heritable.  Brown-Sequard's  experiments  on 
fTumea  pigs,  in  which  he  produced  epilepsy  by  the  section  of 
certain  large  nerves  and  epileptic  symptoms  appeared  in 
the  offspring  of  a  few  of  the  animals,  have  been  frequently 
quoted  in  proof  of  the  iransmissibility  of  acaui''ed  charac- 
ters. Later  investigators,  however,  failed  to  confirm 
Brown-Sequard's  experiments;  besides,  his  results  are 
capable  of  another  interpretation  (Consult  Thomson's 
Heredity). 

Some  experiments  have  been  conducted  in  transplant- 
ing plants  and  animals  to  a  new  environment,  when  marked 
changes  of  habit  occurred.  But  here  again  no  conclusions 
of  a  definite  nature  can  be  drawn. 

In  the  discussion  of  this  subject  the  real  question  at 
issue  is:  Does  a  structural  change  of  this  kind  in  a  part  of 
the  body  so  influence  the  germ  plasm  that  the  offspring  will 
show  the  same  modification?  No  one  doubts  that  environ- 
mental influences  may  have  an  indirect  influence  on  the  off- 
spring, but  this  is  not  to  'he  point. 

It  must  be  confessed  that  much  of  the  discussion  as  to 
the  heritability  of  acqtiired  characters  has  arisen  through  a 
misunderstanding  of  the  exact  nature  of  acquired  characters 
and  in  applying  loose  methods  of  reasoning.'-  Thomson 
ably  summarizes  these  and  similar  misunderstandings  after 
the  following  manner: 

1.  Interpretations  are  not  necessarily  facts. — Many  facts 
of  nature,  such  as  the  disappearance  of  the  legs  of  snakes, 
the  hardening  pf  the  hoofs,  the  long  neck  of  the  giraffe,  etc., 
are  explained  as  due  to  the  action  of  use  and  disuse,  but 
these  interpretations  may  be  erroneous. 

2.  Begging  the  question. — It  is  often  assumed  that  cer- 
tain characters  such  as  short-  sightedness  and  rheumatism 
are  modifications,  and  transmissible.  But  may  these  not 
be  congenital  characters  ? 

(') — Kor  example,  the  rlBht  of  cirtumc-iHion  and  the  docking  of  lambH' 
tails  have  been   practiKed   for  hundreds  of  grenerations. 

(-') — Lamarckians  object  to  the  practice  of  Weiamannists  of  calllnK 
nrqiiirfd  chnrnitrrs  I'onfrenltnl  ns  soon  nx  thpy  are  shown  to  bp 
heritable. 
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3.  Mistaking  the  uapptarance  of  a  modification  for  the 
transmission  oj  a  modification. —For  example:  Nageli 
brought  Alpine  hawkweeds  to  Munich,  and  as  a  result  of 
the  new  conditions  they  assumed  new  habits,  which  their 
descendants  also  possessed.  These  modifications  were  im- 
pressed upon  each  generation  by  the  new  conditions,  but 
when  these  plants  were  returned  to  their  Alpine  habitat 
they  assumed  their  Alpine  characters. 

4.  In  the  case  of  microbic  diseases,  mistaking  reinfect- 
tion  for  transmission.  Simply  because  a  parent  diseased 
with  tuberculosis  or  syphilis  may  have  offspring  affected 
^uf  ^^  ^^^  disease  does  not  make  these  diseases  herit- 
able. The  children  most  probably  become  affected  before 
buth  during  the  gestation  period. 

6.  Changes  in  the  germ  cells  along  with  changes  in  the  body 
are  not  relevant.  That  alcoholism  runs  in  families  may  be 
perfectly  true;  the  probable  explanation  is  that  germ  cells, 
as  well  as  body  cells,  are  poisoned,  and  the  offspring  may 
show  similar  peculiarities  as  the  parent.  It  may  be,  howr 
ever,  that  a  deficiency  of  control  of  alcohol  is  inherited. 

6.  Failure  to  distinguish  between  inheritance  of  a  particu- 
lar modification  and  that  of  indirect  results,  or  of  correlated 
changes  of  that  modification.  The  blacksmith,  for  example, 
acquires  a  strong  right  arm  through  use,  and  his  occupa- 
tion IS  one  that  contributes  to  the  healthy  nutrition  of  every 
organ  of  the  body.  It  is  quite  possible  that  the  children  of 
blacksmiths  have  stronger  right  arms  than  the  children  of 
parents  engaged  in  sedentary  occupations— on  account  of 
the  indirect  or  secondary  effect  of  the  better  nutrition  of  the 
whole  body,  including  the  germ  cells. 

The  old  Hebrew  proverb:  "the  fathers  have  eaten  sour 
grapes  and  the  children's  teeth  are  set  on  edge"  (Ezekiel). 
represents  the  belief  in  inheritance  of  modifications.  As 
Thomson  remarks,  one  would  have  to  enquire  carefully, 
however,  whether  the  children  had  not  been  in  the  vine- 
yard too,  before  coming  to  a  conclusion  that  the  acquired 
character  in  this  case  had  not  been  transmitted. 

7.  Appealing  to  data  from  fewer  than  three  generations. 
This  is  quite  a  common  mistake  in  discussions  of  this  nature. 
Modifications  may  occur  for  one  or  two  generations,  but 
disappear  in  later  generations. 

8.  Transmission  in  unicellular  organisms  is  not  to  the 
point.  As  they  have  no  "body"  distinct  from  the  germ 
plasm,  the  term  acquired  characters  does  not  apply  (Thom- 
son. Heredity). 
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Tower  s  experii.  ents  with  Colorado  potato  beetles 
seem  to  show  that  environmental  influences  may  affect  the 
germ  plasm  to  such  an  extent  that  the  progeny  will  show 
permanent  variations.  He  subjected  some  of  the  beetles 
to  changed  conditions  of  heat  and  cold  and  moisture.when 
the  reproductive  organs  were  at  a  certain  stage  of  develop- 
ment. The  progeny  were  decidedly  paler  than  their  par- 
rents,  but  were  fully  as  healthy.  Moreover,  these  pale  beet- 
ties  when  mated  produced  offspring  like  themselves,  and  so 
on  for  subsequent  generations. 

Some  recent  experiments  with  alcoholized  guinea-pigs 
reveal  the  fact  that  the  germ  plasm  is  affected,  for  the 
majority  of  the  offspring  ofsuch  guinea-pigs  are  defective  in 
many  particulars.' 

(b)— Telegony 

Telegony  is  the  supposed  influence  of  a  previous  sire  on 
pffspnng  subsequently  borne  by  the  same  female  to  a  dif- 
ferent sire.  There  is  a  widespread  belief  in  Telegony,  and 
manv  examples  can  be  cited  in  its  support.  The  case  of 
Lord  Morton's  mare,  cited  by  Darwin,  is  a  classic  example 
(Ammals  and  Plants  Under  Domestication,  and  Thomson. 
Heredity) .  A  nearly  pure-bred  Arabian  chestnut  mare 
bore  a  hybrid  to  a  quagga  stallion.  Subsequently  she  bore 
two  colts,  a  female  and  a  male,  to  a  black  Arabian  stallion 
These  colts  were  dun-colored  and  were  striped  on  the  legs, 
one  iiaving  in  addition  stripes  on  the  body  and  neck.  Thev 
had  also  quagga  manes,  the  hair  being  short,  stiff  and  up- 
right. Lately,  Prof.  Ewart,  by  repeating  the  experiment, 
(the  Penycuick  Experiment)  has  shown  that  there  is  no 
proof  of  any  influence  of  a  previous  impregnation. 

Prof.  Ewart  points  out  that  several  marks  of  the  an- 
cestral forest  type,  such  as  the  yellow  dun  color,  the  dorsal 
band,  the  zebra-like  bars  on  the  legs  and  often  the  faint 
stripes  on  the  face,  neck  and  withers,  are  quite  common 
among  Arabian  crosses. 

In  Lord  Morton's  crosses  "the  bars  on  the  legs  were 
more  marked  on  the  hybrid,  on  the  filly,  and  on  the  colt 
than  on  the  quaggs,." 

IT  c  ^°''®  recent  experiments  by  Baron  de  Parana  and  the 
U.b.  Government  (Rommel)  confirm  Prof.  Ewart 's  con- 
clusions as  to  the  untenability  of  the  theory  of  telegony. 
(Read  Chapter  36,  Genetics  in  Relation  to  Agriculture  by 
Babcock  and  Clausen). 

"^~f^r   Somatic   variations   ever   inherited   accordlnit   to   Mendellsm? 
(bee  KintTMUi.,  Amer.   Nat.  *».  1K14). 
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Transftlanting  the  Ovaries.— The  results  of  the  experi- 
ments of  Castle  and  Phillips  with  Kuinea-piKs  support  the 
views  of  Weismann.  The  ovaries  of  a  young  black  guinea- 
pig  were  transplanted  to  a  young  white  female  whose  ova- 
ries had  been  previously  removed.  This  white  guinea-pig 
was  later  mated  to  a  white  male.  The  progeny  in  three 
litters  were  all  black. 

Are  the  effects  ol  training  hereditary?  Accnunt  for 
the  improvement  in  the  speed  of  trotting  horses  in  the  last 
hundred  years  from  a  mile  in  2:48  by  Barton  in  1810  to  a 
mile  in  1 :  .'»8  by  Uhlan  in  l'.H;{,  and  the  records  of  college 
athletics. 

Evidence'  is  accumulating  to  prove  that  alcohol  is 
both  a  germinal  and  a  foetal  poison,  and  is  in  some  degree 
responsible  for  the  large  percentage  of  unhealthy  and  im- 
becile children  born  of  jslcoholic  parents,  and  for  the  large 
percentage  of  still  births  and  abortions.  One  must  be  care- 
ful, however,  not  to  fall  into  the  old  fallacy,  "  Post  hoc  ergo 
propter  hoc."  Alcoholism  may  possibly  be  only  a  symptom 
of  some  nt'urotic  taint,  expecially  feeble-mindedness.  It 
may  bt-  that  the  defects  in  the  chi  dren  are  not  really  due  to 
the  effects  of  alcohol  but  to  the  f;sct  that  the  parents  were 
degenerate  lo  begin  with. 

There  is  no  doubt,  however,  that  alcohol  has  a  great 
affinity  for  \  he  reproductive  glands  and  in  experiments  con- 
ducted in  alcoholized  mammals  the  amount  in  these  glands 
was  about  3,  5  of  that  in  the  blood  (See  pages  109-170). 

(c) — Maternal  Impressions 

It  has  always  been  a  very  common  belief  that  certain 
"vivid  sense-impressions  of  a  pregnant  mother  may  -.o 
affect  the  unborn  offspring  that  structural  changes  result, 
which  have  some  correspondence  with  the  maternal  ex- 
perience." Jacob  sei  up  peeled  wands  to  Ket  strips 
cattle  in  his  efforts  to  outwit  Laban  (Genesis  XXX.  U  4. 
Birth  marks  are  commonly  ascribed  lo  prenatal  Qisturb- 
ances. 

When  it  is  borne  in  mind  that  there  is  no  direct  means 
of  transmission  from  mother  to  child,  for  no  n^-rve  or  blood- 
vessel passes  through  the  placenta,  ii  i  ha  1  to  imagine 
that  "impressions"  are  produced  in  thi  w:y.  The  child 
derives  its  nourishment  not  directly  bu  iidirectly  by  a 
process  of  soakage  or  osmosis  fror    the  r .other's  blood. 

(t) — Nicloux,    Forel.  Bexcola,    God<lard,    Mjoeii     StoiKare!,    PearHon,    are 
fiOliie   or    lliti   lriV6&>ti^alor»    whose    pul.IuM-.  ton.-    f^ltuuiu   be    rfitU, 
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Again,  It  IS  generally  believed  by  embryologists  that 
physical  defects  or  errors  of  development  are  due  to  intra- 
embryonal  causes,  and  that  most  of  them  occur  in  the  first 
two  or  three  weeks.  "Maternal  impressions.  '  on  the  other 
hand,  are  in  the  great  majority  of  cases  referr'  d  to  a  period 
after  the  fourth  or  fifth  month.  Usually  explanations  are 
found  after  the  events,  and  these  are  put  in  the  place  of 
causation  instead  of  coincidence. 

While  there  is  little  or  no  scientific  evidencf  i.i  ^upport 
of  the  theory  of  maternal  impressions  as  usually  under- 
sto<xl,  It  IS  scientifically  correct  to  assume  that  the  prenatal 
condition  of  the  mother  may  have  an  indirect  influence  on 
the  health  of  the  child.  Beside  abnormal  nutrition,  hered- 
ity, however,  is  largely  responsible  for  the  transmission  of 
EBCuharities  to  the  child.  ,"A  knowledge  of  the  pedigree  of 
aban  s  cattle  would  undoubtedly  explain  where  the  stripes 
came  from. 

Weismann  went  too  far,  we  believe,  when  he  tried  to 
show  the  impossibility  of  the  inheritance  of  acquired  char- 
acters. The  soma  plasm  and  the  germ  plasm  are  not  au- 
tonomous, physiologically  at  any  rate.  Recent  studies  go  to 
show  that  hormones,  chalones,  or  internal  secretions  of  cer- 
tain glandular  I  odies  and  tissues  in  animals  plav  an  impor- 
tant part  m  growth.  The  secretions  of  the  so-called  duct- 
less glands,  th>Toid,  pituitary,  supra-renal,  and  spleen,  and 
o\  the  interstitial  tissues  of  the  testes  and  ovaries,  when 
liberated  into  the  blood,  are  carried  to  various  parts  of  the 
body  and  influence  their  growth.  Some  of  the  hormones 
appear  to  link  up  the  activities  of  the  somatic  with  the 
terminal  substances  (See  Parker,  Biology  and  Social 
Problems. 

MacDougal  injected  dilute  solutions  of  zinc  sulphate 
and  other  substances  into  the  ovaries  of  Raimannia  im- 
mediate y  !.efore  fertilization.  The  seeds  that  set  pro- 
duced plants  different  from  the  mother  plant,  and  the  dif- 
lerence  was  transmitted  to  succeeding  generations. 
u  .u^V"'^^^  Induction.— Many  cases  might  be  cited  where 
both  the  germ  plasm  and  the  soma  plasm  are  afifected  at 
the  same  time  by  an  external  stimulus.  Prof.  Gage  fed 
poultry  with  the  aniline  dye  Sudan  III  with  the  r.  suit  that 
the  dye  not  only  appeared  in  the  fat  tissues  but  also  in  the 
eggs  and  in  th.  fat  tissues  of  the  chicks.  Sitkowski  fed  the 
arya  of  the  clothes  moth  with  t»v.  .-,me  dye.  and  _he  moths 
laid  colored  eggs  which  prodi'  tir^apH       h  i  '<■    ive 

These  are  examples  of 
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Summary 

In  summing  up  the  evidence  as  to  he  heritabiUty  or 
non-heritabihty  of  acquired  characters,  we  may  state  the 
present  position  as  follows: 

1.  The  heritable  characters  are  transmitted  through 
the  germ  plasm  (sperms  and  eggs)  which  is  contin- 
uous from  generation  to  generation  and  which  is  not 
produced  by  the  body  (soma).  (See  page  54). 

2.  No  mechanism  exists,  as  far  as  is  known,  whereby  a 
structural  change  in  a  part  of  the  body  influences 
the  germ  plasm  in  such  a  way  that  the  offspring 
shows  the  same  modification. 

3.  All  so-calltd  instances  of  inherited  acquired  char- 
racters  are  based  either  on  a  mis-understanding  of 
the  exact  nature  of  such  characters  or  on  loose  meth- 
ods of  reasoning.  None  have  satisfactorily  met  the 
test  of  rigid  experimental  proof  (See  page  (iO). 

4.  The  persistence  of  the  chromosomes  and  Mende- 
lian  mctors  is  wholly  opposed  to  the  idea  that  the 
body  influences  specifically  the  germ  plasm.  (Ste 
chapter  10). 

It  is  evident  that  the  subject  has  not  been  an  easy  one 
to  settle,  when  one  rembers  that  such  eminent  men  as  Lam- 
arck, Herbert  Spencer,  Haeckel,  Hertwig,  Cope,  Hyatt  and 
Sir  W.  Turner  have  been  ac. .  ocates  of  the  theory  of  the  in- 
heritance of  acquired  characters;  while  opposed  to  the  the- 
ory have  been  Darwin,  Wallace,  Galton,  Huxley,  Ray  Lan- 
kester,  Weismann  and  His. 

Chapter  11— DE  VRIES'  MUTATION  THEORY  (1901) 

We  have  already  noted  (page  20)  that  one  of  the  objec- 
tions to  the  full  acceptance  of  Darwin's  Theory  of  Natural 
Selection  as  an  interpretation  of  the  mode  of  evolution  was 
the  great  length  of  time  it  demanded  for  the  development  of 
new  species,  not  to  speak  of  genera,  families  and  classes,  of 
plants  and  animals.  The  theory  practically  removed  the 
problem  of  evolution  beyond  the  range  of  exj)erimental  in- 
vestigation or  proof.  Such  an  unscientific  attitude  did  not 
appeal  to  many  critics,  and  a  few  resolved  to  find  out  by  ob- 
servation and  experiment  if  new  forms  might  not  possibly 
originate  in  a  much  shorter  time  than  that  demanded  by 
Darwin's  theory. 

Already  investigators  had  evidence  that  new  forms  had 
occasionally  arisen  suddenly  as  sports,  and  St.  Hilaire,  a 
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co-tempory  of  Lamarck,  had  suggested  that  developments 
might  occur  suddenly  by  leaps.  Both  Huxley  and  Galton 
believed  that  nature  makes  jumps  now  and  then,  while 
Bateson  had  accumulated  a  large  number  of  instances  of 
discontinuous  variations,  and  was  convinced  that  such  var- 
iations were  common.  The  importance  of  discontinuous 
variations  at  factors  in  evolution  was  clearly  shown  by 
Hugo  DeVries  in  his  "Mutations  Theory,"  published  in 
1901.    (Fig,  10). 

According  to  this  theory  species  have  arisen  after  the 
manner  of  spontaneous  or  discontinuous  variations  in  contra- 
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distinction  to  their  origm  by  the  selection  of  fluctuating  or 
continuous  variations,  as  proposed  by  Darwin. 

It  is  now  recognized  that  Natural  Selection  docs  not  ex- 
plam  the  origin  of  species  or  that  of  adaptations,  but  rather 
the  persistence  of  adaptations  and  the  elimination  of  the  un- 
fit. DeVries'  Mutation  Theory  attempts  to  account  for  the 
ongm  of  specific  characters. 

"Mutations  arise  suddenly  and  without  anv  obvious 
cause;  they  increase  and  multiply  because  the  new  charac- 
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ters  are  inherited.  Mutations  are  not  necessarily  large, 
many  are  smaller  than  the  differences  between  extreme 
fluctuating  variants.  DeVries'  species  are  termed  Elemen- 
tary Species.  The  Linnaean  species  of  the  systematist  are 
artificial  groups,  and  not  those  presented  by  nature. 
Such  natural  species  do  arise  in  the  garden  and  in  agricul- 
tural practice,  as  shown  by  DeVries.  As  presented  by  De- 
Vries.i  the  Mutation  Theory  is  not  an  alternative  theorv 
to  Natural  Selection,  but  a  supplementary  hypothesis. 
"The  special  problem  which  the  Mutation  Theory  seeks  to 
explain  is  the  manifold  diversity  of  specific  forms." 

According  to  the  Mutation  Theory  the  struggle  for  life 
occurs  among  species,  as  well  as  among  individuals.  Nat- 
ural Selection  of  species  brings  about  a  survival  of  the  fit- 
test species,  eliminating  some  and  protecting  others.  In 
this  way  Natural  Selection  "guides  the  development  of  the 
animal  and  vegetable  kingdom."  . 

(a) — DeVries'  Experiments 
(Consult  DeVries'  Species  and  Varieties) 

The  importance  of  DeVries'  experiments  lies  in  the 
application  of  the  experimental  method  to  the  question  of 
the  origin  of  specific  characters.  "The  solution  of  this 
problem,"  he  said,  "must  be  sought  among  the  facts 
themselves."  He  actually  observed  the  origin  of  new 
plant  forms  of  the  value  of  elementary  species.  He 
disco'.vired  and  propagated  (1886-1900)  a  series  of  mu- 
tations from  Lamarck's  Evening  Primose  Oenothera 
lamarckiana — a  plant  growing  wild  near  Amsterdam. 
(Fig.  11).  About  50,000  plants  were  cultivated,  and  of  this 
number  800  were  found  to  differ  distinctly  from  the  parent 
species,  and  to  reproduce  their  characteristics  constantly  on 
self-fertilization.  More  than  twelve  distinct  types  or 
species  were  recognized  by  DeVries  in  these  800  variant 
forms.  The  following  table  shows  clearly  the  result  of  the 
eight  generations  of  a  mutating  strain  of  Lamarck's  Even- 
ing Primose,  and  the  number  of  forms  belonging  to  the 
main  new  species  discovered: 

(1)  — DeVrles  Is  Professor  of  Botany  in  the  University  of  Amsterdam 
iind  Director  of  the  Kotaiiieal  Carden.  His  researches  thirty 
years  ago  on  osmosis  in  plants  gave  him  a  high  reputation  among 
plant  phsioloKists.  He  has  travelled  and  lectured  extensively  in 
America,  and  has  written  several  valuable  wofks.  (See  Litera- 
ture y. 
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DeVries  divided  these  new  forms  into  five  groups: 

1.  Re'rograde   Varieties: 

(1)  O.  /a?p«Jo//fl  -smooth-leaved;  strong  and  fertile 

constant. 

(2)  0.  nanella— dwarf  and  constant. 

(3)  0.  brevistylis— short-styled,  few  seeds  formed, 
vigorous  aud  constant. 

2.  Progressive  Elementary  Species: 

1)  O.  g/gas—giant;  stout;  constant. 

2)  0.  rubrinervis—red-veined  and  with  red  stre  ^  s 
fruit;  constant. 

3.  Progressive  Elementary  Species,  but  weakly: 

{1)0.  albida— white,  narrow  leaves,  delicate;  con- 
stant. 
(2)  0.  oblonga—narrow  leaved  and  constant. 

4.  Incomplete  forms: 

(1)  0.  /o/o— pistillate,  low,  dense. 

5.  Inconstant  forms: 

( 1 )  0.  scintillans,  dwarf  and  inconstant,  reverting 

to  new  forms. 

(2)  0.  elliptica— narrow-leaved  and  inconstant. 
Bateson  and  others  suggest  that  some  of  DeVries'  mu- 
tants of  Oe.  lamarckiana  may  be  due  to  some  sort  of  hybri 
dization  behavior.    The  new  characters  may  be  the  re- 
appearance of  characters  brought  in  by  hybridization  bv 
some  process  akin  to  Mendelian  segregation.  ' 

Other  suggestive  reasons  for  believing  in  its  possible 
hybrid  origin  are: 

Davis  has  produced  a  new  Oenothera  by  crossing 
Oe.  biennis  with  Oe.franciscana,  and  has  named  it  Oe.  neo- 
lamarckiana.  In  its  systematic  characters  it  cannot  be  dis- 
tinguished from  lamarckiana,  and  its  behavior  in  breeding  is 
very  similar. 


Studies  of  lamarckiana  seeds  and  pollen  grains  reveal 
a  high  percentage  of  sterility — %(s%  of  the  seeds  and  50^;  of 
the  pollen  grains — a  characteristic  of  hybrids  formed  by 
crossing  distinct  species.  The  fact  that  it  ''produces  differ- 
ent kinds  of  fertile  gametes  every  generation,  and  forms 
twin  hybrids  in  approximately  equal  numbers  when  crossed 
with  certain  wild  species,  as  do  several  of  the  wild  species  in 
crosses  with  each  other,"  shows  that  it  has  "the  variability 
characteristic  of  hvbrids." 


Kiff.     11-   Ijiuniirck's     Kveiiiiifr      I'rimrose 
("Oenothera   lamarckiana' '). 

Examples  oj  Mutations. — Weeping  willow,  nectarine, 
Houghton  and  Downing  gooseberries,  garden  strawberry, 
purple  leaved  plum,  Catawba,  Concord  and  Clinton  grapes, 
Wilson 's  Early,  Lawton,  Wilson  Junior  and  Eureka  black- 
berries, DeVries'  species  of  Lamarck's  Evening  Primrose, 
the  peloric  toad-flax,  cockscomb,  Shirley  poppy,  white 
cyclamen,  Burbank's  lavender-scented  dahlia,  seedless 
navel  orange,  moss  roses,  thornless  cacti,  seedless  banana, 
kohlrabi,  cauliflower,  red  sunlluwer,  sweet  peas,  Boston 
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Fern,  White  Blackbird,  Drosophila  mutations  of  Morgan, 
etc. 

Fluctuating  Variations  vs.  Mutations.— It  may  be  in- 
structive to  summarize  here  the  difference  between  fluctu- 
ating variations  and  mutations: — 

(a    The  former  are  not  transmissible ;  the  latter  are  :— 
they  breed  true. 

The  former  present  no  new  character,  but  the  same 
characters  differing  in  degree;  the  latter  bring  in  a 
new  character,  or  lose  an  old  one  abruptly. 
The  former  f  re  common;  the  latter  are  rare. 
The  former  permit  a  series  whose  differences  may 
be  plotted  on  a  frequency  curve;  the  latter  cannot 
be  so  plotted,  they  are  discontinuous. 
The  former  fluctuate  about  a  mean,  and  never 
produce  a  new  permanent  mean;  the  latter  "cause 
a  new  mean  to  be  formed,  around  which  is  grouped 
a  new  series  of  fluctuating  variations.    The  real 
test  of  difference  comes  in  breeding." 
Discuss  discontinuous  variations  in  relation  to  the 
Biogenetic  Law. 
2.  Are  the  gill-slits  of  embryos  of  mammal,  bird  and 
lizard  "embryonic  survivals  or"  "phyletic  contrac- 
tions? 
3."  What  are  chimeras?  Vegetative  Mutations?  Give 

Examples. 
4.  Discuss  lethal  factors  in  connection  with  mutations. 

(b)— Gates'  Study  of  the  Chromosomes  of  Oenotheras 

Gates  has  recently  made  a  careful  study  of  the  chro- 
mosomes of  several  species  of  Oenothera.  He  finds  that 
Oe.  gigas  has  2S  chromosomes  as  its  diploid  number,  and  as 
a  consequence  of  the  increased  amount  of  chromatin  the 
cells  are  larger.  Oe.  lata  and  scintillans  have  15  diploid 
chromosomes,  and  as  a  consequence  their  meiotic  reduct- 
tion  is  irregular.  Half  of  the  pollen  grains  and  half  of  the 
embryo-sacs  contain  8  chromosomes,  while  the  other  half 
have  7  chromosomes  each. 

These  and  other  facts  seem  to  lead  to  the  conclusion 
that  some  of  the  mutations  are  due  to  an  irregularity  in  the 
distribution  of  chromosomes,  a  result  of  internal  accidents. 

Moreover,  Gates  found  that  the  chromosomes  of  mu- 
tation species  of  Oenothera  differ  in  their  shape,  size  and 
structure  (Gates,  R.R.— The  Mutation  Factor  in  Evolution, 
1915). 
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(c)— Origin  of  Adaptations 

The  question  of  the  origin  of  adaptations  to  their  en- 
vironment has  been  discussed  for  more  than  fifty  years,  and 
is  still  unanswered.  Strict  followers  of  Darwin  maintain 
that  adaptations,  indeed  all  specific  structural  differences, 
have  slowly  arisen  as  a  result  of  the  natural  selection  of  use- 
ful variations  as  adjustments  to  the  environment.  "They 
explain  the  origin  of  adaptations  on  the  basis  of  their  use- 
fulness" (Morgan).  The  weakness  of  their  position  lies  in 
the  fact  that  they  assume  the  presence  of  useful  structures 
without  explaining  how  they  arose.  Lamarckians  hold 
that  adaptations  are  "  the  accumulation  of  structural  re- 
sponses to  the  conditions  of  the  environment".  While 
fluctuating  variations  do  no  doubt  arise  in  this  way, 
there  is  no  good  evidence  that  s'ructural  and  permanent 
changes  have  arisen  in  the  same  way. 

The  mutationi^ts regard  adaptations  as  the  survival  of 
only  those  mutations  sufficiently  adapted  to  the  environ- 
ment to  maintain  a  foothold.  There  is  evidence  that 
many  species  are  poorly  adapted  to  their  surroundings, 
and  that  others  are  over-adapted.  The  former  will  perish 
where  the  struggle  for  existence  becomes  intense,  and  will 
be  supplanted  by  forms  that  are  better  adapted.  Again 
over-adapted  forms  can  never  arise  by  natural  selection, 
hence  such  forms  must  have  originated  in  some  other  way.» 

Both  cases  can  be  more  readily  explained  by  assuming 
that  new  forms  are  constantly  arising  as  mutations,  that 
those  well  adapted  to  their  environment  will  likely  survive 
in  the  struggle  for  existence  and  leave  progeny,  and  that 
those  not  so  well  adapted  will  die  but  may  survive  for  a 
time,  where  the  struggle  is  not  severe.    (See  page  21). 

Chapter  12— JOHANNSEN'S  PURE  LINES  (1903) 

Johannsen  's  experiments  with  beans  and  barley,  both 
self-fertilizing  plants,  seem  to  show  that  fluctuating  var- 
iations have  little  or  no  influence  on  the  permanent  improve- 
ment of  a  race.  He  produced  a  number  of  Pure  Lines  from 
single  plants  by  self-fertilization.  The  members  of  each 
Pure  Line  showed  a  normal  variability  in  the  weights  of 
their  seeds,  which  differed  more  or  less  from  the  mean  of  the 
variety.  When  a  markedly  divergent  member  of  a  par- 
ticular line  was  propagated,  its  offspring  showed  regression 


to  the  mean  of  its  particular  line,  but  not  to  the  mean  of  the 
variety. 

Johannsen  first  used  the  term  "Pure  Line"  in  a  pam- 
phlet entitled  On  Inheritance  in  Populations  and  in  Pure 
Lines,  published  in  1903.  giving  the  results  of  a  long  series 
of  experiments  carried  out  with  beans  and  barley.  A  Pure 
Line  includes  all  the  descendants  of  a  single  individual  be- 
longing to  a  strain  which  is  reproduced  exclusively  by 
self-fertilization.  It  may  be  noted  that  in  a  Pure  Line  the 
germ  plasm  is  never  mixed,  as  it  is  derived  from  the  same 
parent  and  there  is  no  chance  for  new  combinations  of 
characters  derived  from  different  parents. 

Let  us  examine  for  a  moment  the  results  obtained  by 
Johannsen.  In  the  case  of  the  beans,  19  Pure  Lines  were 
grown  from  1 9  different  original  plants.    When  all  the  beans 


*■  '^-  .J'""''.."'"^  '["•"•"  °^  IJcan.s.  The  lower  fiKure  Rives  the  eeneral 
population,  the  other  figures  give  the  pure  llne.s  within  the  popula- 
tion     (After  Johannsen.).  lupui.t 

were  thrown  together  and  arranged  as  to  size  a  normal  curve 
cf  frequency  was  obtained,  which  showed  that  the  popula- 
tion belonged  to  a  sinp'.  tyoe.  The  average  weight  was 
478.9  milligrams,  and  le  siaadard  deviation  95.3  mgms. 
(Fig.  12). 

When,  however,  the  I'.t  separate  Pure  Lines  were 
examined  as  to  size,  each  had  its  own  normal  curve  of  fre- 
quency and  its  own  standard  deviation.  Average  weight 
ranged  from  351  to  642  mRms.  and  the  standard  deviation 
from  64  to  109  mgms  according  to  the  following  table: 
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Pl'RE 

Weight  in  centiKrams  of  the  Mother  Rean 

Mean  Weight 

LINES 

20 

30 

40 

» 

IM) 

70 

of  the  Lines 

I 

1  h:{  1 

04.9 
55  5 
54  4 
5«Vfi 
50  2 

04  2 

II 

57.2 

54  9 
50  4 
64  2 
49  2 

•47:5' 
47  9 
40.9 
40  2 
45  1 
45  1 

44  0 
4i  0 

5«  5 
56  0 
53  0 

425 
48  2 

55  8 

III 



55  4 

IV 

54.8 

V 

52  H 
50.8 
49  5 
40  1 

51.2 

VI 

VII 

VIII 

45  9 

49.0 

46.9 

44.6 
41  0 

53  5 
49  6 

50.6 
49.2 
48  9 

IX 

48.5  1 

42      ,  4ti.7 
45  2  1  45  4 

48  2 

X 

46.5 

XI 

54.5 

XII 

44  0 

45  8 
42.8 
45  0 

45.5 

XIII 
XIV 
XV 

47  5 
45  4 

45  () 
4«  9 

45.4 
46.3 
46.0 

XVI 

45  9 

40.7 
35.8 

44  1 
42  4 

40  S 
34  S 

44.6 

XVII 

42.8 

XVIII 

40.8 

XIX 

35.1 

Next  the  different-sized  seeds  in  each  Pure  Line,  ar- 
ranged in  groups,  were  grown  separately,  and  the  progeny 
of  each  size  were  weighed. 

The  results  for  Line  II.  were  as  follows: 


Size  of  Mother  Seeds 

Avge.  Size  of  Progeny. 

3.50  -4(K(  mms. 

.572  mgms. 

4,')0  -.W)    " 

.549      •• 

.5(X)— .5.50     •• 

.570      •' 

.5.50— 6(M)      •' 

.5ti5      ■• 

iiOO— 650     •• 

r>m     " 

ti.5(K    7(K)     •• 

•              .5.5.5 

Johannsen  also  tested  his  Pure  Lines  of  beans  for  six 
successive  years  and  found  that  each  Line  kept  its  own  in- 
dividuality even  when  a  "plus  strain"  was  grown  from  the 
largest  beans  and  a  'minus  strain"  from  the  smallest 
beans. 

Similar  results  were  obtained  with  regard  to  the  char- 
acters length  and  breadth;  no  effect  of  selection  inPiu-e  Lines 
covild  be  detected.  The  variations  were  apparently  caused 
by  environmental  conditions. 
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The  conclusions'  drawn  from  these  and  other  results 
are  that  variations  in  the  weight,  length  and  breadth  of 
seeds  within  a  Pure  Line  are  not  heritable.  As  DeVries 
says,  "A  Pure  Line  is  completely  constant  and  extremely 
variable."  that  is,  germ  plasm  is  constant  but  fluctuating 
variations  are  common. 

Discuss  the  value  of  Pure  Line  conception  in  hered- 
ity, and  how  does  it  harmonize  with  Gallon's  laws  of 
Inheritance  and  Darwin's  theory  of  Natural  Selection?" 
Why  is  continuous  selection  within  a  variety  ne- 
cessary in  some  crops  and  not  in  others? 
Give  examples  of  Pure  Lines  in  Nature. 
Selection  of  Hooded  Rats. — 

Castle'  and  Phillips  carried  out  a  valuable  series  of 
selection  experiments  with  a  colony  of  hooded  rats  where 
the  amount  of  pigment  in  the  hood  and  the  dorsal  band 
varied.  Two  series  of  selections  were  made  for  Ui  genera- 
tions, one,  a  minus,  toward  a  lighter  type  and  the  other,  a 
plus,  toward  the  darker  type.  In  both  series  steady  pro- 
gress was  made  towards  light  in  one  case  and  dark  in 
the  other.    Castle  concluded  from  the  above  results  that 
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Flj?.  13— Scheme  to  show  chisses  of  liooded  r.-its 
used  by  (.'.istle.      (After  Castle.). 

inasmuch  as  the  hooded  character  is  a  clear  example  of  a 
sharply  segregating  unit-character,  a  unit-character  "is 
subject  constantly  to  slight  quantitative  variations  which 
are  themselves  to  some  extent  hereditary."  Moreover,  he 
says  "the  changes  affected  by  selection  show  permanency 
under  crosses  with  wild  races,"  behaving  as  a  simple  re- 
cessive unit.     (Fig.  1.3). 

(1)— See  rustle's    •Oeiietlca  ami  EuBenics"   for  a  crltlcliim  of  the  Pure 
Line   theory. 

(1) — Dr.  W.  E.  Castle,  I'rofessor  of  Zoology,  Hnrvnrd  I'nivprsUy  has 
made  valuable  contributions  to  our  knowledge  of  invertebrates 
and  to  the  more  Intricate  aspects  of  heredity  and  Kentics 


Selection  of  Paramotcia. 

Jennings'  isolated  from  a  population  of  Paramacia 
eight  races  of  Pure  Lines,  and  his  results  confirm  those  of 
Johannsen. 
Selection  0/  Lepiinotarsa. 

Tower's*  results  in  breeding  experiments  with  races 
of  Lepiinotarsa  10-lineata  are  also  in  agreement  with  Jo- 
hannsen's.  Dark  and  Mght  colored  variations  appeared  in 
the  same  Pure  Line.  V^hen  dark  males  and  females  were 
mated  the  progeny  were  not  dark,  but  fluctuated  about 
the  average  of  the  Pure  Line,  even  after  twelve  generations 
of  such  mating. 

Pure  Lines  and  Mendelism  —It  is  now  known  (see  pages 
81-88)  that  the  Fi  generation  of  a  Mendelian  crossing  all  pro- 
genv  are  hybrid,  m  the  Fj  generation  half  are  hybrid  and 
half  are  pure  regarding  any  particular  character.  I  n  the  F, 
generation  only  one  fourth  are  hybrid  in  the  case  of  self- 
fertilizing  plants,  and  in  the  F4  generation  only  one-eight 
are  hybrid.  In  other  words  a  self-fertilizing  population 
soon  becomes  composed  of  a  number  of  pure  lines,  a 
result  which  has  been  verified  by  experimenters. 

Chapter  13— TYPES   OF  BISEXUAL  INHERITANCE 

With  regard  to  Bisexual  Inheritance  three  types  may 
be  distinguished: 

1.  Blended  Inheritance,*  where  there  appears  to  be  a 
fusion  of  two  characters  when  brought  together  in  trans- 
misnon.  As  examples  we  have  the  familiar  cases  of  the 
blending  of  colors  in  mulattos,  in  horses,  in  cattle,  in  stature 
of  man,  and  perhaps  in  prepotency. 

2.  Mosaic  or  Particulate  Inheritance,  where  the  char- 
acters are  separately  expressed  in  different  parts  of  the 
same  organ  or  system.  Common  examples  are  found  in 
piebald  horses,  cattle,  and  dogs. 

3.  Alternate  or  Exclusive  Inheritance,  where  the  char- 
acter of  one  parent  is  expressed  apparently  to  the  complete 
exclusion  of  that  of  the  other.    Examples  are  found  in 

(D— l>r.   H.  .S.   JennlnKH    (186s-  ).   J'rofeH.xor  of  Zooloiry     I'tiiversitv 

of  rennHylvxnla.  w.is  eilucateil  at  the  Univer-sitU-s  of  MUhiKiiii 
Harvani.  hmiI  Jena.  He  1m  recoKTitied  as  the  foremost  InvestlKa- 
tor  of  the  behavior  of  organlHrns 

(:;)    -Dr.   W.   1..   Tower   (1X72-  >.   of   the   Tiilverxlty   of  ChU-aKo.    was 

educated  at  Harvard  and  ChicaRO.  Hl»  ntudleH  on  the  evolution 
of  ehrysomel.d  beetles  and  the  development  of  coloration  In  in- 
serts are   'iiasterpieees. 

(:i) — Gallon  dr«  w  a  distinotion  hetweeti  Rlemled  nn'l  !':>rt|oulate  In- 
heritance, but  regarded  all  Inheritance  as  "largely.  If  not  wholly, 
particulaft." 
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large  numbers  in  the  study  of  Mendelism.  and  recent  stud* 
ies  reveal  the  fact  that  many  cases  of  Blended  and  Mosaic 
Inheritances  also  act  according  to  Mendelian  laws.  Ex- 
amples of  these  are  given  in  the  Chapter  on  Mendelism. 

Chapter  14.-HYBRIDS  AND  HYBRIDIZATION 

Hybrids  in  the  modern  sense  are  the  product  of  crosses 
between  individuals  belonging  to  different  races  or  elemen- 
tary species.  Such  races  or  species  may  belong  to  differ- 
ent Lmnaean  genera,  species  or  varieties.  But  it  is  not 
possible  to  produce  hybrids  from  any  two  races  of  plants  or 
animals  taken  at  random,  and  systematic  relationship  is  not 
always  a  reliable  guide  to  capacity  for  hybridization.  This 
capacity  is  usually  restricted  to  nearly  related  plants  and 
animals.  As  a  rule,  the  closer  the  alliance  is,  the  greater  is 
the  capacity  for  crossing.  Experiments  go  to  show  that 
crosses  between  species  are  not  rare,  as  for  example,  brown 
and  polar  bear,  horse  and  zebra,  horse  and  ass,  cow  and 
bison,  duck  and  goose,  canary  and  finch,  pheasant  and 
fowl,  thrush  and  blackbird,  raspberry  and  blackberry, 
wheat  and  rye,  species  of  strawberry,  etc. 

The  development  of  our  knowledge  of  hybridization  is 
largely  due  to  Koelreuter  (1733-1806),  Knight  (,17.')8-1H43), 
Ciaertner  and  Darwin.  Later  additions  to  our  knowledge 
were  contributed  by  Naudin,  Focke,  Vilmorin,  Mendel, 
DeVries  and  many  others.  Fairchild,  an  Englishman,  was 
the  first  gardener  to  raise  a  hybrid,  in  1817,  by  pollinating 
the  stigma  of  Dianthus  caryophyllus  with  pollen  from 
D.  barbatus.  Koelreuter  was  the  first  botanist  to  carry  on 
experiments  on  hybridization  on  a  large  scale  for  years. 
His  first  hybrid,  Nicotiana  rustica  x  N.  paniculata  was  pro- 
duced in  1761.  He  made  an  important  discovery  in  plant 
breeding,  that  the  product  of  reciprocal  crosses  are  identi- 
cal. Moreover,  he  established  on  a  firm  basis  the  theory  of 
sexuality  of  plants. 

Thomas  Andrew  Knight  produced  several  commercial 
varieties  by  crossing  and  has  been  called  the  father  of 
modern  plant  breeding.  He  enunciated  two  important 
principles,  viz.  (I)  food  supply  is  the  main  cause  of  varia- 
tion, and  (2)  crosses  are  often  more  vigorous  than  the 
parents. 

Carl  Friedrich  Gaertner,  son  of  Joseph  Gaertner  a  dis- 
tinguished botanist,  carried  out  a  very  large  number  of  ex- 
periments (nearly  10,000)  in  crossing,  and  the  results  were 


published  in  1838  ar  d  184U.  He  divided  his  hybrids  into 
intermediate  types,  commingled  types,  and  decidrd  types. 

He  noted,  moreover,  various  forms  in  hybrids  of  the 
second  generation,  but  he  did  not  see  segregation.  He 
noted  also  the  increased  vigor  uf  growth  of  many  hybrids  of 
species.  Gaertner's  crossings  were  made  upon  species  as 
units  and  not  upon  the  basis  of  unit-characters. 

Of  the  many  problems  of  hybrids  and  hybridization 
that  presented  themselves  to  Darwin,  some  have  been  solv- 
ed by  the  aid  of  Mendel's  Laws,  but  some  still  await  solu- 
tion. Among  these  may  be  mentioned :  the  cause  of  steril- 
ity; why  the  hybrids  of  reciprocal  crosses  sometimes  differ 
in  fertility;  why  some  forms  profit  b;,  crossing  while  others 
do  not ;  why  a  change  of  environment  affects  the  sterility  of 
self-sterile  species. 

It  is  worth  while  noting  some  of  l^arwins  observations 
which  come  very  near  to  those  cxprtssed  by  Mendel.  He 
says;"There  are  certain  hybrids  which  instead  of  having.as 
is  usual,  an  intermediate  character  i)tetween  tho  t  v,  o  |);irfnts, 
always  closely  resemble  one  ol  ihtn  '  ^Origin  o)  Species). 
In  crossing  the  normal  snapdragon  with  (he  abnormal  he 
found  all  the  hybrids  normal,  but  when  ihest  hybrids  were 
selfed  he  obtained  normal  and  abnormal  forms  in  the  ratio 
of  88  to  37  a  close  approximation  to  Mondelian  expecta- 
tions. 

He  recognized  latent  characters,  and  explained  "re- 
version" as  due  to  the  sudden  reappearance  of  some  latent 
ancestral  character.  He  recognized  segregation  in  the 
second  generation,  for  he  says:  "The  grandchildren  and  suc- 
ceeding generations  (of  crosses)  continually  revert  in  a 
greater  or  lesser  degree  to  one  of  both  of  their  progenitors 
{Variation  of  Plants  and  Animals  under  Domestication). 

Darwin  maintained  that  the  benefits  from  cross- fertili- 
zation depend  on  the  fact  that  plants  taking  part  in  the 
cross  have  become  differentiated  by  exposure  to  different 
conditions. 

He  also  drew  attention  to  the  fact  of  immediate  im- 
provement due  to  a  cross.  He  says:  "After  plants  have 
been  propagated  by  self-fertilization  for  several  generations, 
a  single  cross  with  a  fresh  stock  restores  their  pristine 
vigor"  {Ejffects  of  Cross  and  Self  Fertilization  in  the  Vege- 
table Kingdom). 

Darwin's  Theory  as  to  the  combination  of  characters 
m  hybridization  is  stated  as  follows:-  "  When  two  hybrids 
pair,  the  combination  of  pure  gemmules  derived  from  the  one 
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hybrid  with  the  pure  nemmuUs  of  the  same  parts  dentea  juim 
:he  other  would  necessarily  lead  to  complete  reversion  o)  char 
acter,  and  it  is  perhaps  not  too  bold  a  supposition  tha*  ut 
modified  and  undeteriorated  Kemmules  of  the  same  i  itur^ 
would  be  especially  apt  to  combine. 

"Pure  Remmules  in  combination  with  hybridizci  jjem- 
mules  would  lead  to  partial  reversion,  and  lastly,  hybridized 
aemmules  derived  from  both  parent-hybrds  would  simph  re- 
produce the  original  hybrid  form.  All  the>c  cases  and  de- 
crees of  reversion  incessantly  occur"  (  Variation  oj  Plants 
and  Animals  under  Domestication). 

This  statemi-ni  comes  very  close  to  ihe  mtxiern  theory 
of  heterozygosis. 

To  Darwin  we  owe  the  phrase:  "N  i.ure  abhors  per- 
petual self-fertilization,"  which,  of  coui  e.  does  not  hold 
true  in  the  case  of  many  vigorous  plants,  ^uch  as  tobacco, 
wheat,  and  barley.  East  and  Jones  state  that  Darwin's 
phrase  should  be  changed  to  read:  "Nature  discovered  a 
great  advantage  in  an  occasional  cross-fertilization."  it  is 
well  known  that  many  plants  have  special  adaptations  in 
their  flowers,  whereby  self-fertilization  is  prevented:  that 
highly  colored  flowers  are  usually  cross-fertilized  by  insects; 
that  the  more  inconspicuous  flowers  are  cross-poUinatd  by 
wind,  etc.,  etc.  Darwin  proved  by  numerous  exp -rlments 
that  the  products  of  crosses  were  usually  more  vigorous  than 
tae  parents  of  the  hybrid  {Cross  and  Self  Fertilization  in  the 
Veaeirble  Kingdom). 

in  one  cse  he  grew  five  pots  of  cross-fertilized  seeds 
■■''  pi !,,-;;  and  an  equal  number  of  self-fertilized  seeds  with 

'■  >  !iiilr\'ing  results: 

i  vorage  height  of  the  1 4  cross  fertilized  plants  -  5. 58 

inches. 
Average  height  of  the  14  self-fertilized  plants  =  2.37 

mches. 
Next  year  the  crossed  plants  produced  167  capsules; 

the  selfed  plants  produced  17  capsules. 
(Plants  turned  out  of  pots  and  planted  in  soil). 

In  the  following  year  the  area  covered  by  the  cross- 
fertilized  plants  was  about  nine  times  as  large  as  that  cover- 
ed by  the  self-fertilized  plants.  During  the  ensuing  winter, 
which  was  severe,  all  the  cross-fertilized  plants  survived 
and  grew  vigorously. 
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ARain  the  seeds  from  cross-fertilized  flowers  on  plants 
that  tame  from  self-fertilized  flowers  were  planted.  The 
results  were: 

Average  height  of  six  plants  from  first  set   =  10.3 1 
mches. 

Average  height  of  six  plants  from  second  set  -  12.5o 
mches. 
Moi  -oyer,  there  is  a  great  range  in  the  productivity  of 
hybrids—  from  absolute  sterility'  to  complete  fertility 
In  this  regard  also  hybrids  of  closely  related  parents  are,  as 
a  rule,  more  fertile  than  those  from  widely  different  parents 
=*Pecies-hybrids  have  been  divided  into  three  classes- 
1.  Where  the  hybrid  has  vigor  and  fertility  equal  to  or 
greater  than  the  parents,  e.  g.  Nicotiana  alata  x  N. 
langsdorffi. 

2    Where  the  vigor  is  equal  to  or  greater  than  that  of 
the  parentb  but  the  fertility  is  much  reduced,  e  g 
Raphanus  sattvus  x  Brassica  olerccea;  Bison  americanus 
X  Bos  taurus. 

3.  Where  both  size  and  vigor  have  become  much  re- 
duced and  there  is  complete  sterility,  e.  g.  Nicotiana 
tabacum  x  A^.  paniculata;  N.  rustica  x  A^.  alata. 
Hybrids  between  nearly  related  but  distinct  species  are 
requently  observed  to  have  characters  intermediate  be- 
tween the  unlike  characters  of  the  narents;  they  are  vigorous 
h^rlf?  t*^""^  "!?''\°^  less  sterile.    On  the  other  hand, 
hybrids  between  doubtfully  distinct  species,  or  between  a 
species  and  a  variety,  do  not  have  intermediate  characters 
but.  as  a  rule,  act  in  a  Mendelian  manner 

The  large  number  of  stable  species  in  the  Onagraceae 
bolanacex.  Rosaces,  Compositse.  etc.  is  accounted  for  uv 
sorne  investigators  by  the  formation  of  natural  hybrids  of 
distinct  species.  j^^^iiua  wi 

Jeflfrey.  making  pollen  sterility  a  criterion  of  hybridi- 
zation of  species,  is  of  the  opinion  thai  DeVries'  Oe- 
lamarckiana  is  a  hybrid  and  not  a  true  species. 

East  and  Shull  discovered  an  interesting  "point  regard- 
tV^%  '""U^I'^^  ""^  continued  self-fertilization  Sd  crossing. 
They  found  that  although  corn  will  lose  vigor  for  severa 
Sflh'A?"'  ^?'"  ^elf-fertilized,  the  loss  doe!  not  continue 
a  ronrfS  ^fe^^f  easing  in  successive  generations  until 
a  condition  of  constancy  is  reached.      In  this  condition 

inrr^;s;Vh'^'- °"  ^  'l^  P'^"^  ^^  ^^e  same  strain  dSesS 
increase  the  vigor  of  the  pro^^eny. 
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If,  however,  cross-fertilization  occurs  with  a  different 
strain,  an  immediate  increase  of  vigor  follows.  Shull's 
results  were  as  follows: 

Average  yield  per  acre  of  two  pure  strains . .  2!)  bu«hels 

Yield  of  first  cross ««  bushels. 

Yield  of  original  strain  (cross-fertilized  for  5  years)  01 J 
bushels. 

Here  the  problem  is  to  determine  the  real  reason  for  the 
increased  vigor  in  the  first  cross  of  two  separate  strains. 

Additional  examples  of  the  increased  vigor  of  hybrids 
over  the  parent  forms  are  Burbank's  hybrid  walnut  (Cali- 
fornia black  walnut  x  English  walnut)  which  grows  larger 
and  much  faster  than  either  parent,  the  hybrid  dewberry 
(^ Western  dewberry  x  Siberian  raspberry)  which  ripens 
earlier  and  is  larger  and  more  productive  than  either  parent. 

As  examples  of  the  increased  size  of  hybrids  among  our 
domestic  animals  we  may  note  that  crosses  between  Che- 
viots and  Leicesters  are  larger  than  either  parent,  and  such 
crossings  are  much  practised  when  lambs  and  sheep  are 
rearea  for  the  market  (See  alio  Chapter  1 7  on  In-breeding) ; 
that  the  mule  is  extensively  bred  in  the  United  States  on 
account  of  its  hardiness  in  extreme  climatic  conditions,  its 
longevity  ,  its  relative  freedom  from  disease  and  injury,  and 
its  ability  to  live  on  coarse  food;  and  that  the  first  crosses 
between  Poland-China  and  Chester-white  swine,  and  be- 
tween Shorthorn  and  Aberdeen-Angus  cattle  are  popular 
as  feeders. 

The  work  of  Webber  and  Swingle  with  citrus  fruits  is 
also  worthy  of  mention.  By  crossing  the  ordinary  orange 
with  the  hardy  trifoliate  orange,  a  useless  variety,  they  se- 
cured among  the  hybrids  several  that  combined  quality 
with  frost  resistance.  These  hybrids  are  often  called  "cit- 
ranges. "  The  Rusk,  the  Willets  and  the  Morton  are  three  of 
the  new  fruits.  As  a  result  oranges  can  be  grown  400  miles 
north  of  their  present  range,  and  able  to  endure  a  tempera- 
ture of  8°  F. 

Another  hybrid  the  "tangelo"  resulted  fron  crossing 
the  tangerine  with  grape  fruit. 

The  investigations  by  D.  F.  Jones  showed  that  grains 
o(  hybrids  weighed  more  than  those  of  the  self-fertilized 
forms. 

Shull  has  attempted  to  explain  hybrid  vigor  or  heterosis 
by  the  theory  of  heterozygosis,  i.e.  that  hybrid  vigor  is  in 
proportion  to  the  number  of  factors  in  which  the  parents 
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differ.    Obviously  in  crossing  two  strains  with  different 
factors  such  as: 

AA,  BB,  CC,  DD  x  aa.  bb.  cc.  dd. 
the  hybrid  will  be  Aa  Bb  Cc  Dd.  which  is  completely 
heterozygous.  If  this  is  "selfed"  homozygous  conditions 
are  provided  with  regard  to  one  or  more  factors  with  attend- 
ant loss  of  vigor.  After  a  time  if  "  selfing' '  be  continued,  a 
perfectly  homozygous  condition  is  reached. 

Again,  the  results  suggest  that  the  vigor  increases  with 
the  number  of  'desirable'  factors  present  in  the  hybrid. 
Jones'  theory  of  dominance  of  linked  characters  oppears 
quite  plausible  as  an  explanation  (See  Genetics  2,197). 

Success  in  hybridization  demands  technical  skill  and 
accurate  knowledge  as  to  the  pollination  habits  of 
plants.  The  flower  buds  are  opened  carefully  and  the  an- 
thers removed,  before  they  mature,  with  a  pair  of  scissors 
or  forceps.  They  are  then  enclosed  in  a  loose  paper  bag  to  pre- 
vent the  entrance  of  foreign  pollen.  When  the  stigmas  are 
mature  ripe  pollen  is  transferred  from  the  anthers  of  the 
male  parent  by  means  of  a  brush  or  by  direct  contact  of 
anther  and  stigma,  and  the  paper  bag  is  again  fastened  over 
the  flowers  until  fertilization  is  effected. 

Some  plants  are  normallv  self-fertilized,  while  others 
are  normally  cross-fertilized.  There  are  many  plants,  how- 
ever, that  occupy  an  intermediate  position-  -some  self- 
fertilizing  plants  being  sometimes  cross-fertile,  and  some 
cross-fertilizing  plants  sometimes  self-fertile.  Following  is  a 
list  of  the  common  economic  plants  arranged  according  to 
pollination  habits: 

1.  Self-fertilized  plants.  - 

(a)  Normally  self-fertilized:— wheat,  barley,  oats,  rice, 

beans,  peas,  and  most  legumes. 

(b)  Sometimes  cross-fertilized  :—Tobacco.tomato,  fiax, 

cotton. 

2.  Cross-fertilized  plants.— 

(a)  Also  self-fertilized:— rye,  sugar  beet,  some  pears, 

corn  and  cucurbits. 

(b)  Self-sterile: -white  and  red  clovers,  alfalfa,  sun- 

flower, most  apples,  some  pears,  plum,  cherry 
gooseberry,  currant. 

(c)  Dioecious:— asparagus,  hemp,  hops. 

Success  requires,  moreover,  the  use  of  large  numbers  of 
plants  so  that  an  individual  with  ^he  desired  combination 
of  qualities  may  be  secured .     Burbank  has  used  this  method 
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with  advantage  producing,  among  others,  the  seedless 
apple,  the  large  white  blackberry,  the  spineless  cactus,  the 
Shasta  Daisy  (a  triple  hybrid  of  American,  English  and 
Japanese  daisies)  the  rapid  growing  Royal  walnut,  (a  hybrid 
of  Juglam  calif ornica  x  /,  nif.ra},  and  the  dewberry-rasp- 
berry, the  plumcot  (a  hybrid  of  plum  and  apricot.) 

East  is  of  the  opinion  that  this  phenomenon  of  increased 
vigor  of  hybrids  may  account  for  the  frequency  of  cross- 
fertilized  species  and  the  rarity  of  self-fertilized  species, 
since  it  can  be  shown  that  there  is  no  evil  effect  due  to  in- 
breeding per  se. 

Exercise—Give  cases  of  increased  hybrid  vigor,  other 
than  those  cited  above. 


Summarizing 


Uses  of  Hybrids: 

say  that  hybrids  are  produced: 


1. 


2. 


to  obtaui  a  combination  of  desirable  characters  not 

present  in  other  plants,  e.g.  many  of  Burbank's 

productions, 
to  get  rid  of  undesirable  characters  such  as  suscepti- 

bilitv  to  disease,  drought  and  cold,  e.  g.  work  of 

Biffen  with   wheat  and   Webber  with  critus 

fruits;  and 
to  secure  greater  vigor  and  more  rapid  growth,  e.g. 

work  of  Burbank  with  walnut  trees,  and  that 

of  East  and  Shull  with  corn. 


Chapter  15— THE   EXPERIMENT.\L  METHOD  OF 
INVESTIGATING  HEREDITY 

The  .second  method  of  studying  heredity  is  by  direct 
experimentation  after  the  method  of  Mendel  and  his  follow- 
ers.    (Seep.  46)  ^a)-Mendeli8m 

The  laws  of  Inheritance  in  hybridism  were  first  deter- 
mined by  Abbe  GrcK^or  Mendel'  and  published  in  18().")  in 
the  Proceedings  of  the  Natural  History  Society  of  Brunn= 

(i)-^Mendel  was  born  ;a  Heinzpndorf  In  Austrian-S'.lusia  in  IS-:;  and 
was  fdmated  at  ilii'  Gymnasia  of  Troppau  and  Olniulz.  He 
i-rttTi'd  tlu'  AiiKii'^tiiiian  Monastery  at  Hruim  where  he  betatne  a 
notfd  teai'lur.  lie  studied  niathematios.  physics  and  natural 
sciences  for  two  years  (  1  sr,l-lsr,3 )  at  the  University  of  Vienna, 
and  in  18Ps  lieiaine  Abbot  of  the  Monastery.  He  corresponded 
with  the  Botanist  .NaKeli  who  was  llie  only  groat  natiiralisi 
acquainted   with   his   experiments  on    i>eas.      He   died    in    1SS4. 

(:) — The  French  botanisi  Namlin  published  in  1>'G2  the  results  of 
researches  in  plant  hybridization  whi<'h  liarmonized  with  those 
of  Mendel,  but  lie  failed  to  erasp  the  idea  that  the  seKreKatlon 
applies  to  "siMKle"  charactt  risf  ics  rather  than  to  all  the  ihar- 
acteristics  of  a  species  at  on'  ■  '  No  drxibt  Mendel  was  acquainted 
with  his  researches  as  well  as  those  of  his  predere.ssors,  Kol- 
reuter.  Knicht   and   Ooss    (.See    l.ookV 
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This  discovery,  however,  remained  unnoticed  until  1900. 
when   DeVnes  of  Holland.   Correns  of  Germany,  and 
I  schermak  of  Austria  rediscovered  the  laws  simultaneously 
In  this  year  too,  Mendel's  publication  came  to  light. 

These  laws  have  been  stated  as  follows: 

\-  ''If  two  contrasted  characters,  which  have  pre- 
viously bred  true,  are  crossed,  only  one— the  dominant 
character— appears  in  the  hybrid  {Law  of  Dominance)." 

2.  "In  succeeding  generations  self-fertilized  plants 
grown  from  seeds  from  this  cross  reproduce  both  characters 
in  the  proportion  of  three  of  the  dominant  character  to  one 


KiB.    14— fIRKCOU   .MKNDICI. 
iiboiit   the  year   1st!!'. 

of  the  recessive  character.  Furthermore,  the  recessive 
character  continues  for  ever  after  to  breed  true,  while  those 
plants  bearing  the  dominant  character  are  one-third  pure 
dominants,  which  ever  after  breed  true  to  the  dominant  cha- 
racter, and  two-thirds  hybrid  dominants  which  contain 
the  recessive  character  in  a  hidden  condition  (Law  of 
Segregation."     (Fig.  14).  ^ 

Explanaiionof  the  Laws.  The  results  of  his  experiments 
(see  below)  led  Mendel  to  the  conception  of  pairs  of  unit 
characters,  or  allelomorphs,  of  which  either  can  be  carried 
to  any  gamete  or  sex  cell  to  the  exclusion  of  the  other 
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As  the  possession  of  either  character  is  a  matter  of 
chance,  on  the  average  50  per  cent,  of  the  germ  cells  in  the 
hybrid  will  bear  the  dominant  character  and  50  per  cent, 
will  bear  the  recessive  character.  If  we  could  pick  out  at 
random  any  100  pollen  or  male  cells  to  fertilize  any  100  egg 
or  female  cells  we  will  see  that  there  are  equal  chances  for 
four  results: 

1 .  A  male  cell  with  a  dominant  character  may  meet  a 

female  cell  with  a  dominant  character. 

2.  A  male  cell  with  a  dominant  character  may  meet  a 

female  cell  with  a  recessive  character. 

3.  A  male  cell  with  a  recessive  character  may  me-t  a 

female  cell  with  a  dominant  character. 

4.  A  male  cell  with  a  recessive  character  may  meet  a 

female  cell  with  a  recessive  character. 

In  an  abbreviated  form  the  mating  may  be  represented 
as  follows:— 

(      D  D      ] 

Male  Cells     ,'       R  .    -  &      I  Fpmalf  Cells 

I      R R      I 

or   1   UD— J  DR— 1   RR 

The  net  result  will,  therefore,  be  25  per  cent,  pure 
dominant.  25  per  cent,  pure  recessive,  and  50  per  cent,  im- 
pure dominant. 

Mendel's  Experiments.^Mendel  used  pure  strains  of 
the  common  garden  pea  {Pisum  sativum)  in  his  memorable 
experiments  which  led  to  the  discovery  of  the  laws  of  in- 
heritance. Twenty-two  varieties  or  sub-species  were  se- 
lected and  used  during  the  eight  years  of  experimentation. 
Seven  different  characters  were  chosen  and  investigated 
separately : 

Cotyledon  or 
first  genera- 
tion charac- 
ters 


1 .  Form  of  seed — round  or  wrinkled' 

2.  Color  of  endosperm— yeWow  or  green 

A.  Color  of  seed  coat— white  or  grey 

4.  Form  of  pods—?,oh  or  hard 

5.  Color  of  unripe  pods-  green  or  yellow 
().  Position  of  Jiowers— axial  or  terminal 
7.  Length  of  stem.— iaW  or  dwarf. 


Parental 
characters 


(1)  — Hound   and   wrinkled   are    termed   contested    characters     likewiBe 
yellow  and  green;   white  and  grey,  etc. 


s:! 


In  the  first  generation  only  one  of  each  pair  of  con- 
trasted or  mated  characters  appeared.  Such  was  termed 
the  dominant  character.  In  the  next  ge;ieration,  the  hy- 
brids being  self-fertilized,  there  occurred  a  splitting  or  se- 
gregation into  the  original  characters  according  to  a  definite 
ratio.  For  example,  when  a  yellow-seeded  variety  was 
crossed  with  a  green-seeded  variety,  the  hybrids  were  all 
yellow-seeded— yellow  being  dominant  and  green  recessive. 
When  the  yellow-seeded  hybrids  were  self- fertilized,  the 
progeny  consisted  of  75  per  cent,  yellow  seeds,  and  25  per 
cent,  green  seeds.  The  green-seeded  plants,  however,  when 
self-fertilized,  produced  green  seeds  entirely,  hence  were 
pure;  but  when  the  yellow-seeded  plants,  were  self- fertilized 
some  of  the  progeny  produced  yellow  and  green  seeds,  while 
others  produced  yellow  seeds  only. 

The  results  may  be  shown  diagrammatically  as  follows: 
Yellow  X  Green     P 


Yellow  (impure) 

I 


F, 


25'  (  Yellow  1  pure  I 


50'  c  Yellow  (impure)     25' r  Green  (pure)   .Fs 


I 


Yellow       25';  Yellow      50',  Yellow  25';^,  Green    Green        Fs 

I  pure)                (.impure)  (pure)                | 

Yellow  Green . .     F* 
etc. 


The  gametic  matings  in  the  "  selfing  "  for  the  F.  genera- 
tion may  be  represented  as  follows  when  it  is  borne  in  mind 
that  in  fertilization  there  will  be  two  kinds  of  gametes  and 
these  in  equal  numbers: 

=   male  gametes  in  equal 
numbers 

=   YY+2YG+GG 


Y 


Female  gametes    (  Y 

in 
equal  numbers      (  G 


YY 


YG 


Yc; 


GG 


W  here  YY  is  a  pure  yellow  zygote,'  YG  is  an  impure  yellow,  and  GG  a 
pure  Kreen,  or25';    pure   yellow,    ."»0' ;    impure   yellow,  and   25' i  pure 

green. 


(i» 


-Till-  puro  yellow  zyKc.t'  (VV)  fornu-il  by  the  union  of  two  like 
KiunitcN  if  ttTMifil  :i  "liomozyKOte"  anil  the  inipurf  yellow  zyuote 
(Y'll    frr     •  I   by    the    union    of    two    unlike    gametes   a    "heterozy- 

(lote.  "      Tlitse  two  zygotes  are   "phenotypes."   hut   Kenetii-ally   they 
beloiiir  to  ilifferetit   '•senotypes  " 

*4 


Summary  of  Mendel's  Experiments  with  Peas: 


No. 

Character  contrast 

No.inF2 

Domin- 

Recess- 

Ratio  per  4 

ants 

ives 

, 

Form  of  Seed 

i     7.:«4 

5,474 

1.850 

2.91).  1.01 

Color  of  Cotyledons 

s,02:i 

«.()22 

2.(M)1 

:J.(K):1.Q 

Color  of  Seed-coats 

<»2<» 

705 

225 

.1.04:0.9«i 

Form  of  Pod 

l.lSl 

SH2 

229 

2.m»;1.01 

Color  of  Pod 

5S() 

428 

152 

2.05:1.05 

Position  of  Flowers 

'         X5,H 

'            »151 

207 

3.0H:0.!»7 

Length  of  Stem 
Totals   

;       l.(W4 

I            7S7 

277 

2.02:1. OS 

!      14.94<.» 

5.010 

2.996:1. (MM 

The  foregoing  results  were  obtained  when  one  pair  of 
characters  was  used,  hut  Mendel  found  the  law  to  hold  true 
when  two  or  more  sets  were  considered  at  the  same  time. 


Kin    1." 

.MKNKKMA.V      rilOI'OUTIn.VS       IN       MAIZK. 

(libs  liDiii  \>y  hetei-ozyjTotr  pliitilx  iiolllnateil 
with  the  riics.sivr.  showini?  etiuality  ot'_  smooth 
anil  wrinkled  ami  of  i-olortfl  and  white  Krains. 

The  resuls,  however,  are  more  complicated,  but  they  show 
that  each  set  of  characters  acts  independently  of  the  others 
in  the  inheritance.     (See  section  on  Dihybrids.  page  S7). 
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To  Identify  a  Hererozgyote.  In  practical  breedinK  it  is 
often  necessary  to  know  definitely  whether  the  organism  is 
homozyRous  or  heterozygous  as  to  a  certain  character.  Tne 
easiest  way  of  identification  is  to  cross  with  a  recessive.  If 
the  organism  is  a  homozygote  all  the  progeny  will  show 
dominance,  if  a  heterozygote  only  fifty  per  cent,  will  show 
dominance,  according  to  the  following  diagram :  - 


(1) 

female 
Kamete« 


(2) 

female 
gametes 


R 

RD      j 

D 
RD 

R 

RD 

RD 

D 

R 

RD 


RR 


RD 


RR 


'   male  gametes 

=  4  R  D,or  all  showing  dominance. 

s   male  gametes 

-  2RD  +  2RR.  or  .JO'  u  domi- 
nant.   (Fig.  15) 


How  Unit  Characters  may  be  Determined.  -The  only 
method  of  determining  unit  characters  is  by  crossing.  Men- 
delian  investigators  have  revealed  the  presence  of  pairs  of 
contrasting  characters  when  varieties  are  crossed  both  in 
the  Fi  and  Fj  generations. 

( 1 )  The  hybrids  of  crosses  ( Fi )  frequently  show  one  of 
the  pairs  of  characters  when  dominance  exists. 

1 2 )  Segregation  or  splitting  occurs  in  the  Fj  general  ion . 
Simple  MendePan  Segregation 

Before  beginning  the  study  of  segregation  in  di-hybrids 
and  tri-hybrids  it  is  advisable  to  become  familiar  with 
the  results  of  simpler  crosses:  (1)  a  homozygote,  such  as 
a  "pure  yellow"  pea,  with  a  heterozygote,  such  as  an  impure 
yellow. 

All  the  male  gametes  will  contain  the  factor  for  yellow, 
and  of  the  female  gametes  half  will  contain  the  factor  for 
yellow  and  half  the  factor  for  green.  The  possible  matings 
may  be  represented  as  follows.  - 


Female      ,    Y 
Gametes    1 

[    G 

• 

Y 

YY 

Y 

YY 

=  Male  Gametes. 

GY 

GY 

=   •-'VV  +  JGY; 
Phenotypirally  all  y<'llow.  but 
genotypicaliy  half  are  pure 
yellow     and    half    impure 
yellow. 

m 


(2)  a  heterozygoU  veliowmihahomozygote green.  Of  the 
male  gametes  half  win  contain  the  factor  for  yellow,  the 
other  hali  for  green;  all  the  female  gametes  will  contain  the 
factor  for  green.  The  possible  matmgs  may  be  represented 
as  follows: 


Female      |  G 
Gametes    •; 

(G 


YG 

GG 

YG 

GG 

-  Male  Gametes. 

-  2  YG  +  2  GG 

Phenotypically  half  are 
yellow  and  half  are  green,  but 
nenotypically  half  are  impure 
yellow  and  half  are  pure  (jreen. 


Two  Pairs  of  Characters  in  Dihybrids 

When  two  pairs  of  characters  hyb'idize,  such  as 
wrinkled-green  peas  with  smooth-yellow,  the  Mendelian 
law  still  holds  good.  On  the  assumption  that  a  gamete 
can  contain  only  one  of  each  pair  of  factors,  one-fourth  of 
the  inale  gametes  will  contam  the  factors  for  smoothness 
and  greenness  (SG),  one-fourth  the  factors  for  smoothness 
and  vellowness  iSY),  one-fourth  the  factors  for  wrinkled- 
ness'and  greennes  (WG)  and  one-fourth  for  wrinkledness 
arc!  vellowness  (WY).'  Similarly  for  the  female  gametes. 
When  these  gametes  unite,  the  possible  combinations  may 
be  represented  as  follows: — 


f. 

su 

SY 

SG 

9^- 

WG 
GWGG 

WY     1 

SSGG 
SSYG 

SWGG 

SWYS 
SWYY 

d. 

SSYY 
SWYG 

SW\G 
WWGG 

WG 
W^ 

SWGG 

WWYG  j 

it 

i  SWYG 

SWYY 

WWYG 

wwyyI 

Male  Gametes 


or  SSGG  +  2SSYG  +  2SWGG  +  4SWYG  +  SSYY  + 
2SWYY-J-  2WWYG  -h  WWGG  -t-  WWYY  nine  dilTer- 
enl  com)  inations  or  gem^types.  However,  as  S  is  domin- 
ant to  W.  and  Y  to  G,  there  will  be  •>  smooth-yellow,  :i 
smooth-green,  ;i  wrinkled-yellow  and  1  wrinkled -green 
phenotypes,  four  m  all  The  ratio  is.  therefore.. 9 :;i::i:l. 
(Fig.  1(5). 

(D  — III  th,-  caUiihvtloii  of  Meiicleiiaii  re.--ults,  <."HStlf  itiveo  tills  Import- 
ant l>it  of  advice:  "It  Ih  all  «-ssenf ■  »l  to  ileterniine  fir-st  the  kiiulH 
uX  >rariiftts  .mcIi  parent  is  ex;Mi'.-S  to  prnduce.  The  subsequent 
lak-ulation    is    ea^y    and    certain  " 


Several  investigatorH  have  discovered  that  the  ratio 
U::):;i:l  does  not  always  occur  in  di-hybrids.  This  devia- 
tion  is  now  explained  by  Morgan  as  due  to  gametic  couplini 
(tr  crossing-over  of  the  chromosomes  in  the  synapsis  stage  of 
nuclear  formation.     iScc  page  123). 

Problem.  Determine  the  Fi  and  Fj  generations  when 
l)lack  hornless  cattle  are  crossed  with  rod  horned  cattle, 
when  black  is  dominant  to  red,  and  hornless    j  horned. 

Problem  2.  Determme  the  Fi  and  Fj  generations 
when  smooth  white  guinea  pigs  are  crossed  with  rough 
black  uuinea  pigs,  when  rough  and  black  are  dominant. 


•     @     0 


oco 
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Kill  IS. — Cross  between  yellow-ioiiiiil  Mini 
(!reiM-\v!-ltikleil  [leiiK.  viniL'  ilie  |i;  ;t:  :i:  1 
riitli.    in    I':'.      (MortTiii  I. 

Three  Pairs  of  Characters  in  Hybridism  -  Trihybrids 

Mendel  showed  that  when  three  pairs  of  characters  are 
involved  the  law  still  holds  goods.  In  the  case  of  peas,  when 
yellflu'-smooth-lall  peas  were  crossed  with  Rreen-wrinkled- 
divurf  peas  the  hybrids  were  all  yellow-sniooth-tall. 

On  the  assumption  that  a  gamete  can  contain  only  one 
of  each  pair  of  characters  the  probabilities  are  that  there  will 
be  an  equal  number  of  eight  kinds  of  male  sametes  in  the 
hybrid:  YST.  VSD.  YWT.  YWD,  GST.  GSD.  GWT.  a 
GWD.  Similarly  for  the  female  gametes.  .Accordingly 
the  zygotes  for  the  Fj  generation  will  be  constituted  as 
follows : 
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Of  these  (>4  zygotes  one  is  pure  yellow— smooth— tall ; 
one  pure  vellow— smooth— dwarf ;  one  pure  yellow— wnnk- 
ed— dwarf;  one  pure  green— smooth— tall ;  one  pure  green 
—smooth-dwarf;  one  pure  green— wrmkled— tall;  and  one 
pure  green— wrinkled— dwarf.  The  remamder  are  impure 
forms. 

Phenotypically  however,  there  are  27  yellow— smooth 
—tall,  9  yellow— smooth— dwarf,  9  yellow— wrmkled— tall, 
q  green— smooth— tall,  3yellow— wrinkled— dwarf,  3  green 
—wrinkled  -tall,  3  green— smooth  —dwarf,  and  one  green 
—wrinkled— dwarf,— the  ratio  bemg  27  :9  :  9  :  9  :  3  :  .i  : 
3-1.  On  examination  of  the  zygotes  it  will  be  found  that 
there  are  27  different  genotypes,  and  8  phenotypes. 

Explain  how  Biff  en  was  able  to  breed  a  wheat  that  was 
hard,  heavy-yielding,  and  immune  to  rust  from  a  variety  that 
was  soft,  heavy-yielding,  and  susceptible  to  rus/,  when  hard- 
ness and  susceptibility  to  rust  are  dominant  characters. 

Explain  the  following  formulae  for  segregation  given 
by  Morgan: 

3  1  One  pair  of  factors. 

9-3  3:1  Two  pairs  of  factors. 

27:9    9:3      9:3     3:1       Three  pairs  of  factors. 

It  is  important  to  observe  that  the  first  two  pairs  of 
characters  in  Mendel's  list  (page  83)  pertain  to  the 
cotyledons  which  form  the  first  or  seed  leaves  of  the  next 
generation,  and  the  following  five  pairs  of  characters  per- 
tain to  the  seed  coat,  pod,  flower  or  stem,  which  belorig  to 
the  parental  generation.  In  actual  breeding  operations, 
therefore,  when  a  pure  yellow  pea  is  crossed  with  a  green  pea 
the  yellow  color  of  the  cotyledons  of  the  hybrid  will  be  ob- 
tained the  same  vear.  But  when  a  pure  tall  pea  is  crossed 
with  a  dwarf  pea',  the  tall  hybrid  will  nov  be  obtained  until 
the  following  year  after  the  seed  is  sown. 

Similarly  when  a  tall  yellow  pea  is  crossed  with  a  green 
dwarf  pea.  the  characters  of  the  yellow  tall  hybrid  will  not 
find  expression  at  the  same  time.' 

Mendel  chose  the  garden  pea  because  it  is  easy  to  culti- 
vate, has  a  short  period  of  growth,  and  has  constant  differ- 
entiating characters.  With  true  scientific  insight  he  paid 
attention  to  the  following  problems  : 

1    "To  determine  the  number  of  different  forms  under 
which  the  offspring  of  hybrids  appear. 

(H    (.See  also  Vol    XI.  No,  4,  "Journal  of  AKrlcultuml  Research"  on  the 
Kesearches  on  the  35  Factors  of  the  (Jenus  I'lsuni). 
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•_>.  To  arrange  these  forms  with  certainty  according  to 

their  generations. 
:i.  To  ascertain  accurately  their  statistical  relations. 

(From  Mendel's  original  Paper.) 

(b) -Dominant  and  Recessive  Characters 

Experiments  go  to  show  that  the  Mendelian  laws  of 
inheritance  apply  to  a  great  many  characters,  but  dotnin- 
ance  is  not  considered  now  an  essential  feature. 

Castle  gives  the  following  list  of  dominant  and  re- 
recessive  characters: — 

RECESSIVE 

CATTLE : 

Black  Yellow 

Polled  Horned 

Dexter  form  (short  legs)  Kerry  form  (legs  normal) 

Dominance  uncertain  or  variable- 
White  Colored 
TTniformlv  colored  Spotted  with  white 
Uniformly  Sack  Black  spotted  with  yellow 

HORSES: 
gg  ,  Not  bay  (i.e.black  or  chest- 

nut). 
Rlark  Chestnut. 

Gray  Not  gray   (any  color  but 

gray). 
Trotting.  Pacing- 

Dominance  uncertain  or  wanting-— 
Uniformly  colored.  Spotted  with  white 

SWINE': 
Wild  color  Not  v;ild  color  (black  or  red) . 

Black.  Red. 

Self  white.  Colored. 

Mule-footed  (syndactyly)  Normal  foot 

Dominance  uncertain  or  wanting— 
Uniformly  colored  Spotted  with  whi  e. 

SHEEP: 
White  fleece.  Black  fleece. 

^ll— Sec  also  Journal  of  Heredity.  Vol.   VIII.   No.   s. 
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DOMINANT  RECESSIVE 

DOGS: 
Gray  Black. 

Self  Color.  Bi-color    (black   and    tan, 

brown  and  tan,  red  and 
tan). 
Black.  Yellow  or(  red).* 

Black.  Brown  (liver). 

Dominance  uncertain  or  wanting — 
Colored  all  over.  Spotted  with  white 

Black  or  Brown.  Black    or    brown    spotred 

with  yellow. 
Stumpy  tail.  Normal  tail. 

(*In  Dachshunds  red  is  not  uniformly  recessive;  it 
apparently  may  be  dominant). 

CATS: 
Tabby.  Not  tabby  (black  or  blue) . 

Black  Blue. 

Short  hair.  Long  hair  (angora) 

Dominance  imperfect  or  uncertain — 
Colored  all  over.  Spotted  with  white. 

White  (eyes  only  colored).        Colored  all  over. 
Yellow.  Not  yellov  (tabby  or  black) 

Tailless.  Long-taL   1. 

Polydactyly.  Toes  normal. 


RODENTS: 


Colored. 

Black  or  Brown. 

Gray  (agouti). 

Black  or  black  agouti. 

Self  colored 

Self  black  or  brown 

or  agouti. 
Dark  eyes  and  coat. 

All  pigments  dark. 

Short-haired  like  wild 
cavies. 

Coat  rosetted. 

Unhanded  shell  in  wood- 
snail. 

Yellow  cocoon  in  silkworm. 


Albino. 

Yellow. 

Black  or  brown  (non- 
agouti). 

Brown  or  Brown  agouti. 

Spotted  with  white. 

Black,  brown  or  agouti 
spotted  with  yellow. 

Pink  eyes  and  coat,  pale 
where  not  yellow. 

All  pigments  pale. 

Hair  long  and  silky. 

Coat  smooth. 
Banded  shell. 

White  cocoon. 
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FOWLS: 


RECESSIVE 


Jungle-fowl  color  pattern. 
White  (of  white  Leghorns) 
Colored. 

Barred. 
Black  plumage. 


Black  skin. 
Crest. 
Frizzled. 
With  extra  toe. 
Walnut  comb. 
Pea  comb. 
Rose  comb. 


Self  black  or  yellow. 

Colored. 

White    (of    "silkies"    and 

some  other  white  breeds) . 
Not  barred. 
Yellow    plumage    (hetero- 

zgote    often  like  jungle 

fowl). 
Normal  skin. 
No  Crest. 
Not  frizzled. 
Without  extra  toe. 
Pea,  rose  or  single  comb. 
Single  comb. 
Single  comb. 


PLANTS: 
1.  Colors  of  flowers,  etc. 
(Example,  unit-characters  of  the  sweet  pea  flower). 
Colored.  White. 

Colored.  Slightly  colored   (picotee). 

Purple.  Red. 

Bi-color.  Self. 

C .al  pollen  grains.  Round  pollen  grains. 

2.  Forms  of  flowers 
Normal.  Peloric. 

Single.  Double. 

Long  style  of  Oenothera  Short  style. 

Entire  petals  of  Chelidoniu»"     Laciniate  petals. 

3.  Colors  of  Leaves  and  Stem. 
Variegated  with  yellow.  Normal  green  (dominance 

imperfect.) 
Containing  much  red.  With  little  red  (Oenothera, 

Coleus,  maize). 

4.  Colors  of  Fruits  and  Seeds. 
(Example,  n^aize). 
Yellow  endosperm.  White  endosperm. 

'  '"urone  black.  Aleurone  red  or  uncolored. 

iirone  red.  Aleurone  uncolored. 

Endosperm  starchy.  Endosperm  sugary-. 

Endosperm  starchy.  Endosperm  waxy. 

Seed-coat  red.  Seed-coat  colorless. 

Seed-coat  variegated.  Seed-coat  not  variegated. 

{)3 
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DOMINANT                                               RECESSIVE 
5.  Forms  of  Leaves. 
Serrate.                                      Entire  (Urtica). 
Normal.                                     Laciniate  ((  iielidonium). 
Palmate.                                    Pinnatifid  or  fern-leaf 

(Primula). 
Hairy.                                        Glabrous  (dominance  often 

imperfect;. 

WHEAT: 

Absence  of  awn. 
Rough  and  red  chaff. 
Keeled  glumes. 
Flinty  endosperm. 
Susceptibility  to  rust 

Presence  of  awn. 
Smooth  and  white  chaff. 
Rounded  glumes. 
Floury  endosperm. 
Immunity  to  rust. 

BARLEY: 

Two-rowed  ears. 
Beardlessness. 

Six-rowed  ears. 
Bearded. 

COTTON: 

Colored  lint. 

White  lint. 

TOMATOES  (after  Price  and  Drinkard) 
Fruit  Shape: 
Spherical  or  round.                    Pyriform. 
Two-celled.                                Many-celled. 
Roundish-conic.                         Roundish  compressed. 

Fruit  Color: 
Red  Fruit                                  Pink  Fruit. 
Red  Fruit.                                 Yellow  Fruit. 
Pink  Fruit.                                Yellow  Fruit. 
Yellow  Fruit  Skin.                    Trai.oj>  .rent  Fruit  Skin. 

Smooth. 

Fruit  Surface: 

Pubescent. 

Foliage: 
Normal  or  cut  leaf.                   Potato  Leaf. 
Pimpinellifolium  Leaf.               Normal  Leaf. 
Green  Leaf.                               Yellow  Leaf. 
Normal  or  Smooth  Leaf            Rugous  Leaf. 
Surface. 

Stature: 
Standard  Stature.                     Dwarf  Stature. 

Most  mutants  are  recessives  when  mated  with  normal 
allelomorphs  but  numerous  examples  can  be  cited  which 
show  dominance. 
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Meaning  of  Dominant  and  Recessive 

Confusion  has  arisen  in  some  quarters  as  to  the  meaning 
oi  the  terms  dominant  and  recessive.  For  example,  it  has 
been  suggested  that  "a  dominant  character  is  the  result  of  a 
long  process  of  selective  breeding."  This  idea  of  course  is 
groundless. 

Again,  it  has  been  stated  more  frequently  that  the 
older  of  the  two  members  of  pair  of  characters  is  domin- 
ant. 1  his  theory  holds  fe;ood  in  some  cases  but  it  breaks 
down  m  others. 

1  J  Technical  Terms.— In  the  great  extension  of  our  know- 
ledge of  heredity  during  the  last  few  years  certain  terms 
have  been  introduced  to  express  more  clearly  and  accurate- 
ly the  new  and  complex  situations  that  have  arisen.  In- 
stead of  the  term  "character,"  "determiner"  is  used  as  be- 
ing that  element  or  condition  within  the  gamete  which 
determines  the  development  of  a  given  somatic  character. 
Synonymous  terms  are /cc/yr  and  gene.  (See  also  page  109). 

"Dominant"  and  "recessive"  characters  are  now  fre- 
quently explained  by  the  ''Presence  and  Absence  Theory,'' 
which  assumes  that  a  determiner  for  any  character  either  is 
or  IS  not,  present. 

If  both  of  the  pairing  gametes  contain  the  same  deter- 
miner, the  zygote  or  offspring  will  be  homozygous  or  will  have 
a  double,  or  duplex,  dose  of  the  character.  If  only  one  of 
the  pairing  gametes  contains  the  determiner,  the  zygote  will 
be  heterozygous  or  will  have  a  single,  or  simplex,  dose  of  the 
character.  If  absent  from  both  gametes  the  zygote  is  said 
to  be  nulliplex. 

Organisms  that  have  identical  determiners  in  the  germ  - 
plasm  belong  to  the  same  genotype,  while  those  that  appear 
alike  without  reference  to  germ  plasm  belong  to  the  same 
phenolype.    (See  also  Glossary,  page  177). 

Exercise.- 
when 


-Determine  the  probable  nature  of  the  progeny 


(1)  Duplex  X  duplex  = 

(2)  Duplex  X  Simplex   = 

(3)  Simplex  x  Simplex  = 

(4)  Duplex  X  Nulliplex  = 

(5)  Simplex  x  Nulliplex  = 

(6)  Nulliplex  X  Nulliplex  = 


The  F«  G«     ration 

The  results  of  simple  Meuuuiian  segregation  in  the  F,. 
generation  may  be  summarized  as  follows: 
The  F,  Generation  or  the  Progeny  of  Hybrid  x  Hybrid: 


No.    of   Pairs   of 

No.  of 

No.  of 

No.  of 

Ratio  of  number 

Parental  Charac- 

Kinds of 

Geno- 

Pheno- 

of  Phenotypes. 

ters. 

Gametes 

types 

types 

1 

2 

3 

2 

3:  1 

2 

22 

3« 

22 

(3:  1)'- 
9:  3:  3:  1 

3 

2* 

i 

i 

3-1 

2» 

(3:  1)'- 
27:  9:  9:  9: 
3:3:3: 1 

4 

2* 

3* 

2< 

(3:1)* 

n 

2"     1 

3" 

2" 

(3:1)" 

In  breeding  work  by  crossing,  therefore,  if  the  pheno- 
types in  the  Fi  generation  are  in  the  ratio  of  3  :  1  it  is  as- 
sumed that  only  one  pair  of  parental  characters  is  present ; 
if  in  the  ratio  of  9  :  3:  :  3: 1.  or  in  9  :  7  or  15  :  1,  two  pairs  of 
characters  are  present;  and  if  in  the  ratio  of  27  :  9  :  9  :  9  :  3 
3  :  3:  1,  or  63  :  1,  three  pairs  of  characters  are  present. 

Conception  of  the  Germ  Cells 

The  results  of  Mendel's  experiments  and  those  of  later 
investigators  lead  to  the  following  conceptions  of  the  germ- 
cells: 

1.  Their  purity  with  regard  to  the  characters  they  bear,  and 
their  presence  in  equal  numbers. 

2.  Each  contains  a  complete  set  of  characters  (or  factors 
that  determine  the  characters)  of  the  individual. 

3.  The  fertilized  egg  (zygote)  is  a  double  structure,  contain- 
ing the  character  derived  from  the  male  parent,  also  that 
from  the  female.  These  characters  may  be  similar 
[homozygous)  or  they  may  be  dissimilar  {heterozygous). 

4.  The  germ-plasm  of  the  germ-cells  has  a  definite  structure 
(see  also  page  109). 

(c) — Additional  Examples  of  Simple  Mendelian 

Hybrids 

The  following  examples  not  only  illustrate  the  appli- 
cation of  Mendelism  to  the  production  of  new  varieties  of 
plants  and  animals,  but  also  unravel  some  of  the  perplexing 
problems  of  the  breeder. 
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1— Malie 

cobs  producing  stlrchy  grafns  onlv     Th""*  ^iP'-^l^ced 
represented  as  follows:  ^'    ^*-  ^"'^^  "^^y  ^e 

Starchy  x  Sweet  p 

i  ^' 

Starchy  (Impure) p 

fm/r^*?^  2  Starchy  gweet'         P 

(P"^^)  (impur'e)  ,       fc "     * 

corn  wS"c?iied  ShTw^^^^^^  ^h^"  a  purple 

and^the  F.  .rains  deV^efo?!i\\-"u^^^^^^^  ?-p!| 

cros^d^'wUh^'whVe  s^^^^^^^^^^^  corn  is 

starchy,  and  the  FVeraff.  Lp  [nV5?^  F,  grams  are  purple- 

starch|Wains,Thre;Se?weet  three'whi?i  S  r^^^'^ 
but  w  .  uid  L  the^^l^tft'i*'^  ^.'  ^''^^"s  are  flinty. 

^'  *~Harvar  Anfv?r«itrwa%''e°du  °^^^  ^'2"'    Morphology, 

where  he  conductert  some  "xVeMpnf  rl«Ll"l."°'*  **'*'«  L-.ilversity 
breeding   and   genetics  '""*'"<'"»   researches  especially   in   corn 

ver«Uy"wfs  "educated  at  An''tloPh^"r°^i,''''  ""''"'V.  I'rinceton  l-nl- 
«lty.  He  3erved  for  sevewl  4ars  n'''%'''"''.r^1l*''"'°  V^Uver- 
Forestry  and  Plant  Industry  and  in  ^hJr^  "■  .S-  Bureau  of 
botanical  investigator  His  c'ontrfh.Hon/ .^'*'',"*»'*  Institute  as 
been  val-able.  contributions   to   plant   genetics   have 
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Primrose  //>.ftr»ds.  When  the  "Chinese  .om,Pnw- 
ula  sinensis)  with  wavy,  crenate petals  and  the  Star  form 
(P.  stellata)  with  flat,  entire  petals  are  crossed  he  hybrids  or 
FVare  intermediato  in  form.  The  F,  generation  has  25^o 
Chinese.  25':;  Star  and  50^;  intermediate  forms. 

2— Peaches  and  Nectarines 

Darwin  many  years  ago  showed  that  nectarines  may 
come  from  the  seeds  of  peaches,  that  peaches  may  come 
Som  the  seeds  of  nectarines  and  that  peach  trees  made  by 
bud  sports  produce  nectarines. 

Tiie  explanation  of  these  facts  is  now  made  clear  since 
Mendel's  discoveries,  if  we  assume  as  we  are  correct  in 
doing,  that  the  nectarine  is  a  smooth  variety  of.the  peach, 
and  that  this  smoothness  is  recessive  to  the  hoariness  of  the 
^ach  When,  therefore,  nectarines  spring  ^rom  th^^„«ds 
Sf  peachesitisa  caseof  a  recessive fonn arising  from  a  dom- 
inant hybrid.  When  peaches  are  produced  from  the  seeds 
of  nectSrines  it  shows  that  the  nectarine  has  been  pollinated 

from  a  peach.  ,  ^    .     ^, 

Crossing  in  Oo/s.-Surface  nade  crosses  of  strains  of 
wild  oat  {Arena  fatua)  and  cultivated  oat  (A  sahva)  to  de- 
determine  the  inheritance  of  the  callus  at  the  base  of  the 
fertile  floret.  .  ..  ,     r  e 

The  F,  generation  showed  an  intermediate  form  ol 
callus,  but  in  subsequent  generations  typical  Mendelian 
segregation  occurred.  It  was  found,  moreover,  that  the 
oresence  or  absence  of  awns  and  pubescence  m  the  hybrids 
was  iJlrfectly  correlated  with  the  condition  of  the  callus  as 
in  the  original  forms. 

Pro6/€W.-Determine  the  F„  F.  and  F,  generations  u 
the  case  of  crossing  a  wheat  with  a  long  lax 
head  with  one  having  a  short  dense  head. 

3— Pin-eyed  and  Thrum-eyed  Primroses 

Darwin  called  attention  to  the  beautiful  adaptation  n 
these  dimorphic  forms  of  Primrose  to  insure  cros|-fertiliza- 
tion.  Morgan  {Evolution  and  Adaptation,  p.  369)  say ^ . 
"If  these  two  forms  should  appear  as  mutations  and  it,  as  is 
the  case  they  do  not  blend  when  crossed,  but  are  equally 
inherited,  they  would  both  continue  to  exist  as  we  find  them 

^""'"^  Darwin  also  found  a  third,  a  large-eyed  form  with 
short  style  and  stamens  low  in  the  tube,  which  he  termed 

98 


ihehompstyle  form.  When  Bateson  and Greaorv crossed  thi. 
^Sum'^u^  ^^T"  ^y'^^^hrnm  form  the  prSy'^l'.f ^^^^^^^^ 
la  «e  e'leTL  f  and  Vhlr  '^•-^•^':  small-eye  .s.  is  dominant  to 
sMe    hutThp*^'  p  ^*''""''  ^'  ^'^"':^  '4''^'  to  P«n.  P-  'long 

iJ^l^^'  H  i"^-  J'  Kt^neration  consisted  of  four  types  viz 
?«n^'f^  '!,'^  "^'^^  small-eyes,  short-styled  with    arKe-eves' 
lonK-styled  with  small-eyes  and  homostyled  with  W 
eyes.    The  proportions  in  which  these  four  type.  aDoeared 
namely  u::{::i: I.  show  tha.  tne  presence  or  iCsence  of  bui 
two  factors  is  concerned."     M.^reover.  it  sUKgest"  that  tht 
shon^style  of  the  homostyle  form  is  "poSially  tnlS^. 

sented^'a^foUows/"''"'"''  ^"'  "'^'  ^'  generation  may  be  re- 


Female 
CJametes 


TS 
TS  I    f STS 

TL  '^TTLS 

PS   !    TPSS 


TL 
TTLS 

TTLL 

TPLS 


PS 


PL    -=  male 


TPSS"!  TPLS     sam- 

-  ^  ■    ■  -A '  etes. 

TPLe    I  TPLL 


PPSS 
iPL  !  TPLS   I  TPLL      PPlT 


PPLS 
PPLr 


Result: 


!»  Jhrum  small-eyed  forms 
3  Thrum  large-eyed  forms 
3  Pm  small-eyed  forms 

^  ^*"orm  ^"'^^*^^'  ^^'^^  becomes  the  homostyled 

(Bateson,  Principles  of  Heredity,  p.  70). 

mous^'denends  T    ^"^  ^^^\-^^^  ^'^^  ^«'«''  "^  the  wild 
ouse  aepends  o.      .e  co-operation  of  at  least  six  diff^rpm 

actors,  and  that  the    'agouti"  color  of  the  wUd  rabbk 

:  ppears  on  crossing  a  yellow  with  a  Himalayan  varietv 

Winer  examples  are  the  commercia    carnation    a   rro< 

between  the  single  type  and  the  doubl  buH-head-  '.Td 

Lmerson's  crosses  with  maize,  gourds  and  beans 

Early' falling  of  ripe  grain  from  heads.- 

•,«  ts«  '  '-b/^ch  finds  that  this  character  appears  in  barlev 
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4— Colors  In  Live  Stock 

TheseRregationoccurrinKin  the  F,  generation  >nto  pure 
dominant,  impure  dominant  and  pure  rf  ess^'^e  expfa^^^^ 
some  of  the  divergent  experiences  of  stock-breeders,    hor 
Sple.  Black  Aberdeef^^AnRUs  cattle  sometimes   have 
rScavev  white-faced  Herefords  color-faced  calves;  and 
bbckpSch  Canadian  Cattle  calves  with  a  white  sphsh; 
but  chestnut  Suffolk  mares  always  have  chestnut  foals. 
The  explanation  is  that  the  black  of  the  Aberdeen-Angus 
and  the  white  face  of  the  Hereford  are  dominants,  while  the 
?hestnut  of  the  Suffolk  horse  is  recessive,    Inasmuch,  how- 
evS  as  all  breeds  are  impure  at  their  origin.  »mpure  domin- 
lnts  will  ikely  persist  as  they  are  indistinguishable  from 
J^pure  dominaSts.  and  recessives  will  occa^pn^^^P^^r 
jOn  the  other  hand  .when  thi  recessive  color  is  chosen  9s  the 
Type  as  chestnut  in  the  Suffolk  horse,  it  is  pure  and  will 
always  breed  true  to  color.* 

It  may  be  observed  that  the  laws  of  inheritance  of  such 
unit-chS-acters  as  size,  shape,  fertility,  vigor,  endurance 
milk  production  etc..  have  not  yet  been  determined.    It  is 
likely  that  in  these  cases  many  factors  are  involved. 

Prof.  Wilson  of  Dublin  states  that  white,  black,  red 
light  dun  and  brown  are  true-breeding  colors  i"  cattle,  ana 
that  yellow,  dun.  brindle.  blue  roan  and  red  roan  are  hybrids 
and  do  not  breed  true.  Of  the  true-breeding  coIots  two 
onlylihave  as  dominant  and  recessive-black  being  dom; 
fnant  to  red.  The  others  produce  intermediate  hybrids 
as  follows: 


Black 

Red 

Light  Dun 

Brown 

White 

Black 
Dun 
Brindle 
Blue 
Roan  1 

Red 

Red 
Yellow 
Brindle 
Red 
Roan 


Light  Dun 


Yellow 
Light  dun 
Brindle 


Brown 


White 


Brindle 
Brindle 
Brown 

7 


Red  roan 

7 


White 


The  colors  of  hoi-  ..lay  be  arranged  in  a  ser^s- 
••grev  dun.  bay.  Liack.  chestnut,  m  which  those  coming 
first  are  dominant  to  all  comingjater.  and  those  coming 
later  recessive  to  all  before  them    (Wilson). 

M  -The  reader  shouW  consult  •'CSenetloH  In  Hel.ition  to  AKrlcuture"  by 
^  •      Babcock  Ind   Clausen  for  a   fuller  .l.scusBlon  of  the  coat   colore 
of   rtomestl^atod    animals. 
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present  to  det ".5,£eSir  inh^^'it?na^.•  ''  ''  ""'^'^'^  «^ 
(d)— Abnormal  Cases  of  Mendelism 

chari?ter^'iflf«L"t«,'-'l",^*/^' ^^'^^^  representin«  the 
tributed.  From  fir  o^.tLtT"'^''"  L'^^  normally  dis- 
observed  andXsewe?oiIk.tf ""''"'"'  d'^^nbutions  were 
follow  the  laws  o  Mendel  hlr^"  '"'  '^'^t  ^^""^  ^'^^  "«t 
exceptions  were  exn"ained  .nH^h^"''!'''^''';  \f^'?^  aPParcnt 
harmony  wi7h  the  ASSan tw^'^'  '""  ^^'"  '"^«  "•"«  >» 
Ihe  disuirbinK  causes  may  be  Krouped  as  follows:- 
f  h^ nif''"'-'''  "t  "■■  '."^PtTfect  dominance: 
em  F'?''"''*''  ''^:»'*lt,f>le  factors  when  several  differ- 
ent  factors  pn  >duce  similar  effects  • 

ri?l-     '  c^  °"  '*'  "^  ''^'^^  unless  a  ded  bv  others- 
Lmkm^  of  two  or  more  factors,  and  cros^inl^onr 


2. 
3. 


4. 


1^ 


A 


^''^t?  v^O 


Pig.    IT.—Dia 


1— Imperfect  Dominance 

h  tSoVgTs'''T^L'h^^^^^^^^  f«-l    which  ^ 

u)~PorT    ;h  homozygous  forms  are  the  black  and 

u)-Por^o.her  theories  of  coat  color  ,.e   Bahcoc.  an,.  Clausen.  Chap. 
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the  splashed-whiie  Andalusian.  When  these  are  crossed 
the  orogeny  are  blues,  and  when  the  blues  are  mated  25  per 
SoTthe  progeny  are  black.  25  per  cent,  are  splashed- 
white  and  50  per  cent,  blues.     (X\?  1 0 • 

The  following  diagram  shows  the  inheritance- 
Black  X  White         P' 

Blue  X  Blue      I''i 


iWk  2  Blue  I  White.  F. 

The  roan  color  of  Shorthorn  cattle  is  produced  by  cross- 
ing white  and  red.  Roan  is  heterozygous,  for  when  roan  is 
mited  with  roan,  of  the  progeny  25  per  cent,  are  red.  25  per 
cent,  white  and  50  per  cent.  roan. 

The  following  diagram  shows  the  roan  inheritance:— 

Red  X  White  P' 

i 
Roan  X  Roan  P> 

. \  ^1      F, 

,  R^ed  2  Roan  1  White 

2— Multiple  Factors 

"The  term'multiple  factors'  has  come.  ^  Practice,  to 
be  applied  usually  to  cases  of  crossing  in  which  two  or  niore 
fac?Kfferences  occur,  all  of  which  produce  similar  effects 
(Morgan). 

Several  examples  of  this  type  of  inheritance  have  been 
broughlto  light  by  Nilsson-Ehle  of  Sweden,  and  by  Shull. 
Castle  and  East  of  the  United  States 


(a) 


Nilsson-Ehle  found  that  when  a  dark-brown  oat  with 
dark  glumes  was  crossed  with  a  white-glumed  oat.  F, 
were  all  dark  brown,  but  F,  were  9  dark  brown.  (. 
Ught  brown  and  1  white.  This  result  is  explained 
on  the  assumption  that  the  dark  brown  oat  has  two 
dominant  factors  (A  and  B)  for  dark  glumes  and  the 
whke-grumed  oat  two  recessive  allelomorphic  factors 
7a  and  b)  for  light  color.  The  gametic  segregation 
in  Fj  may  be  represented  as  follows:— 

lo-j 


:J)t.iH. 


I  AB 
Female  |  Ab 


gametes    aB 


AB 

AABB 


Ab 
AABb 


aB 


ab 


n 


AABb 
AaBB 


AAbb 
AaBb 


ab       AAab  |    Aabb 


AaBb 

ABab 

ABab 

Aabb 

aaBB 

aaBb 

aaBb 

aabb 

male  gametes 

!>  dark  brown, 
t)  light  brown 
and  1  white. 


lb) 


(c) 


Se"  seededltraln"?"^"^  ^^J'^^^  crossed  with  a 
n,J  1  ^^^°^°  ^vain  F,  were  red,  but  F,  cave  i\i  tpH 

Mendehstsare  inclined  to  believe  that  skin  rnlnrm" 
i\o.  188  Carnegie  Inst.  Wash.)  t-rossfs. 
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This  belief  is  based  on  the  fact  that  the  color  of  the  F, 
(offspring  of  mulattoes)  is  much  more  variable  than  that  ol 
F,  and  on  the  fact  that  white  and  black  appear  in  the  tj 
generation,  breeding  true  to  their  respective  color. 
3 — Compound  Factors 

Some  of  the  most  complex  cases  of  Mendelian  inheri- 
tance occur  when  certain  determiners  interfere  with  the 
actions  of  others,  or  do  not  act  unless  aided  by  others. 

Four  types  of  such  compound  determiners  have  been 

observed: —  n     j 

(di)  The  Complementary  type  where  the  two  unlike  de- 
terminers become  separated  in  breeding,  and  the  character 
disaooears,  reappearing  when  the  two  determiners  are  again 
brougKgether.  Examples  of  this  type  are  Bateson  s 
White  Sweet  Peas  (Emily  Henderson).  East's  purple 
maize,  and  Combs  of  fowls. 

"Emily  Henderson"  Sweet  Peas.— Bateson  crossed  two 
strains  of  this  variety  and  there  appeared  purples.    When 
these  Fi  purples  were  selfed  the  progeny  consists  of  whites 
and  purples  m  the  ratio  of  7  to  i).    This  case  of  remstonex- 
plains  the  appearance  of  individuals  with  colored  flowers  of 
d  fferent  ty^s  among  the  descendants  of  two  >yhite  sweet 
pSs  of  separate  strains.    The  results  are  explained  on  the 
following  assumption: — 
C    =  Factor  for  color  production  (sensitizer), 
c    =  Absence  of  factor  for  color  production. 
P    =  Factor  for  purple  (basis). 
p    =  Absence  of  factor  for  purple. 
Only  when  the  factors  C  and  P  come  together  will  the 
purple  color  be  produced. 

(1)  Hybrids  of  white  varieties  in  the  Fi  generation 
will  have  the  formula  CcPp— purple. 
(2).  Hybrids  of  the  Fs  generation: 

CP        Cp         cP  cp      ="  male 

~ gametes 


1 

CP 
Cp 
cP 
cp 

CCPP 

CcPp 

CcPP 

CcPp 

Female 

CCPp 

CCpp 

CcPp 

Ccpp 

Gametes  ^ 

CcPP 

CcPp 

ccPP 

ccPp 

CcPp 

Ccpp 

ccPp 

ccpp 

Phenotypically  9  purple  and  7  white. 


l^^t\# 


tl.   single   comli.  comb,   c,   walunt  "omb; 

and  1  Sin^'le.^  ^'"^''  '  ^°''  ^^^"^  ^°^^'  ^"^  ^'^  g^^^s  3  Rose 


Female 
Gametes 


Rp 
Rp 


Rrpp    I    Rrpp 


-   male  gametes 


Rrop       Rrpp    I     =  all  Rose 
The  diagram  of  F,  would  be: 


Rp 


M 


rp 


=   male  gametes 


GameL  f  ^'^  !    '"'"^P  (    ^""PP        =  3  Rose  and  1  Single 


rp 


Rrpp    I    rrpp 
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(2)  Fi  of  Single  x  Pea  gives  Pea,  and  F,  gives  3  Pea 

and  1  Single. 

rp  rp  »  male  gametes 


Female 
Gametes 


IrP 


rrPp 


rrPp 


n-Pp 


rrPp 


=  all  Pea 


The  diagram  of  Fj  would  be: 

rp  =  male  gametes 


Female 
gametes 


(rp 


rP 
rrPP 


rrPp 


rrPp    I 
rrpP    I     = 


3  Pea,  1  Single 


(3)  Fi  of  Rose  x  Pea  gives  Walnut  and  the  Fj  gives  9 
Walnut,  3  Rose,  3  Pea,  and  1  Single. 

Rp  Rp =  male  gametes 

Female      f  rP 
irP 


Gametes 


RrPP 

RrPp 

RrPp 

RrPp 

=  all  Walnut 


The  diagram  of  Fj  would  be: 

RP         Rp  rP  rp 


Female 
Gametes 


RP 

Rp 
rP 

rp 


RRPP     RRPp 

RRPp 

RrPp 

RRPp     RRpp 

RrPp    1    Rrpp 

RrPp    1    Rrpp 

rrPP 

rrPp 

RrPp   1  Rrpp_  _ 

rrpP 

,'^P 

=  male  gamete 

=  9  Walnut 

Rose,  3  Pea, 
31  Single. 

• 

(Fig.  18) 


(4)  Fi  of  Single  x  Walnut  gives  Walnut;  the  F^  gives 

as  in  (3). 

rp  rp =  male  gametes 

Female      (RP      RrPp 

=  all  Walnut 


Gametes    ( RP  I    RrPp 


RrPp 


(5)  F,  of  Rose  X  Walnut  gives  Walnut;  F^  as  in  (3) 
Rp        Rp  =  male  gametes 


Female 
Gametes 


RP 
IRP 


Kkhp 
RRPn 

KRPp 

RRPp 

=  all  Walnut 


(6)  Fi  of  Pea  and  Walnut  gives  Walnut;  Fj  as  in  (3) 
rP  rP  =  male  gametes 


Female       f  RP 
Gametes    IrP 


Krt^f 
RrPP 


Krt'P   I 

RrPP   I     =  all  Walnut 
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.  (b)  The  Supplementary  type:  when  two  unlike  deter- 
miners come  together  a  modification  occurs  in  the  character: 
seen  m  Castle  s  agouti  guinea-pigs; 

.     In  explanation  of  the  results  of  experiments  with  guinea 
piKs  Castle  postulates  the  action  of  a  pattern  factor  in  addi 
uon  to  the  pigment  factors  (See  Heredity  in  Coat  Color  in 
(•uinea  pigs  and  Rabbits:  Carn.  Publ.  23.  1905). 

Proft/fw.- Explain  the  following  result:  9  agouti.  3 
l)lack,  4  white  m  the  Fj  generation  when  a  black  rabbit  was 
crossed  with  a  white  variety  with  factor  for  making  the  hair 
yellow. 

(c)  The  Cumulative  type :  when  two  like  determiners  on 
coming  together  eflfect  the  expression  of  character;  observed 
in  Miss  Durham's  Intensified  mice; 

Experiments  were  conducted  upon  mice  of  five  types  of 
color,  viz..  albmo,  stiver-fawn,  chocolate,  blue  and  black.  In 
explanation  of  the  results  it  was  found  necessary  to  assume 
the  presence  of  an  intensifying  factor,  or  its  absence  a  dilut- 
ing  factor,  in  addition  to  the  pigment  and  color  factors. 

(See  Bateson,  Mendel's  Principles  of  Heredity,  pp.  80- 

(d)  The  Inhibitory  type:  one  determiner  interfering 
with  the  action  of  some  other  determiner. 

Examples  of  such  inhibitor  factors  are  found  when  the 
Brown  Leghorn  is  crossed  with  the  Silky  fowl,  and  when  the 
White  Leghorn  is  crossed  with  the  Brown  Leghorn. 

(See  Punnett,  Mendelism). 

...  Pjoblem.-  Analyse  and  explain  the  following  result- 
16  white:  3  colored  in  Fj  generation  where  a  certain  white 
fowl  IS  crossed  with  a  certain  colored  fowl. 

In  the  White  Leghorn  the  white  behaves  as  a  domin- 
ant to  colo?,  but  m  the  White  Dorking  and  other  white  birds 
white  IS  recessive  to  color.  When  two  such  white  birds  are 
crossed  the  results  are  as  given  below  when  the  following 
I  actors  are  assumed: 

C  =  Factor  for  color. 

c  =  Absence  of  factor  for  color. 

I  =  Inhibitor  color  factor. 

i  =  Absence  of  inhibitor  factor. 

The  White  Leghorn  will  have  the  gametic  formula  of 
C  /.  and  the  White  Dorking  ci. 
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The  Fj  generation  :- 


Female 
Gametes 


CI 
Ci 
cl 
ci 

CI 

Ci 

cl 

Cl 

ecu 

Ccli 

Cell 

Ccli 

CCIi 

CCii 

Ccli 

Ccii 

Cell 

Ccli 

cell 

ccli 

Ccli 

Ccii 

ccli 

ccii 

-  male  gametes 

"  12  white 
(flecked). 

3  colored 

1  white. 


(See  Punnett's  Mendelism). 


Morgan  has  shown  in  the  case  of  Drosophila  that  the 

gresence  of  certain  specific  factors  produces  sterility,  and 
•ateson  has  found  a  definite  factor  for  pollen  atrophy  in 
sweet  peas,  which  behaves  in  a  Mendelian  manner. 

With  regard  to  self-sterility  in  beans  Belling  has  pro- 
ix)sed  a  Mendelian  explanation  {Journal  of  Heredity,  1914, 
1916).  When  he  crossed  two  fertile  races  of  beans,  Florida 
Velvet  and  Lyon,  the  hybrids  were  semi-sterile.  In  the  Fj 
generation,  however,  one-haif  of  the  plants  had  perfect 
pollen  and  ovules,  the  other  one-half  had  a  mixture  of  equal 
numbers  of  good  and  bad  p>ollen  grains  and  ovules.  In  the 
Fs  generation  the  progeny  of  the  fertile  plants  had  good 
pollen  and  ovules,  but  that  of  the  semi-sterile  was  like  Fj. 

Belling  proposes  the  presence  (or  absence)  of  a  fertility 
(or  sterility)  factor  A,  a  in  race  X  and  another  similar 
factor  B,  b  in  race  Y. 

If  the  Velvet  Bean  possesses  the  factors  A  Abb,  and  the 
Lyon  Bean  the  factors  aaBB  where  A  and  B  are  factors  for 
fertility  and  a  and  b  are  factors  for  sterility,  the  gametes  for 
the  former  will  be  Ab  and  for  the  latter  aB.  The  Fi  genera- 
tion will  have  the  factor-constituents  AaBb  which  render  it 
semi-sterile.  The  gametes  of  the  F,  generation  will  be  AB, 
Ab,  aB,  ab,  but  if  AB  and  ab  are  lethal  to  pollen  grains  and 
ovules  the  F2  generation  will  be  represented  hv  the  follow- 
ing diagram. 


Aa 


aB 


Aa 
Aa 

(fertile) 

aB 
Aa 

(semi-sterile) 

Aa                               aB                     i 
aB                              aB 

(semi-sterile)                (fertile) 

Aa 
aB 


or  50%  fertile  and  50%  semi-sterile. 
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Pv«  £  I"  Hvbrtds—Goodspeed  and  Clausen  of  the  Cal . 
Lxp.  St.  have  formed  a  definite  hypothesis  for  the  interpre- 
tation of  such  phenomena  as  the  ^'mutation"  behavior  of 
Oenothera,  bud  variation  in  horticultural  plants,  and  the 
complex  relations  exhibited  in  species  hybridization.  The 
main  points  of  the  hypothesis  may  be  outlined  as  follows: 

a.  The  hereditary  units  of  species  f(  rm  compi.^x  but 
harmonious  reaction  systems,  the  specific  elements  of  vvhich 
are  the  factors  of  Mendelian  herechty. 

b.  Strict  Mendelian  inheritance  follows  hybridization 
between  forms  which  have  fundamentally  like  reaction - 
systems.  The  Mendelian  behavior  is  a  consequence  of  the 
existence  of  specific  differences  in  certain  elements  in  the 
common  reaction-system. 

^  c.  When  fundamentally  different,  but  equivalent  re- 
action systems-are  contrasted,  as  in  some  species  hybrids, 
the  elements  of  the  twosystems  may  not  be  interchangeable 
as  m  Mendelian  hybrids  because  the  diverse  elements  mav 
form  inharmonious  reaction-systems.  These  inharmon- 
ious systems  either  may  not  function  at  all  or  may  function 
in  an  abnormal  fashion.  The  results  of  this  difficulty  are 
expressed  m  a  variety  of  ways,  particularly  in  the  marked 
sterihty  of  species  hybrids  and  in  the  production  of  ab- 
normal individuals. 

4.— Linkage  and  Crossing-over 

It  will  be  observed  after  a  study  of  the  preceding  abnormal 
cases  of  crossing  that  Mendelian  views  have  changed  with 
the  progress  of  investigations,  especially  after  the  discovery 
tftat  both  the  factors  and  the  chromosomes  undergo  segre- 
gation and  show  parallelism  in  their  methods  of  distribu- 
tion. Determiners  have  taktw  the  place  of  factors  or  char- 
acters, each  trait  being  represented  in  the  germ  plasm  bv  its 
own  determiner.  ^ 

With  the  more  extended  investigations,  it  became  ne- 
cessary to  evolve  the  factorial  hypothesis  to  explain  the  re- 
sults. According  to  this  hypothesis  each  visible  character 
IS  due  to  the  action  of  a  large  number  of  factors  or  genes  in 
the  germ  plasm,  each  factor  in  turn  influencing  a  large  num- 
ber of  other  traits.  Moreover,  these  factors  or  genes  are 
linked  together  in  groups,  in  chromosomes  where  they  are 
arranged  m  a  linear  series,  but  sometimes  changing  places 
by  crossing-over".  Besides  each  factor  or  gene  has  a 
aehnite  location  in  its  chromosome,  in  a  chromomere  As 
each  chromosome  carries  several  factors  it  is  to  be  expected 
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that  these  factors  will  remain  together,  even  linked  in 
groups,  in  the  inheritance.  Such  linkages  have  been  dis- 
covered. Bateson  and  Punnett  in  !»()(» found  that  when  a 
sweet  pea  with  factors  for  purple  flowers  and  long  pollen 
grains  was  crossed  with  a  sweet  pea  with  factors  for  red 
flowers  and  round  pollen  grains,  the  two  factors  that  came 
from  the  same  parent  tended  to  be  inherited  together. 
Later,  Emerson  found  coupling  of  determiners  and  depart- 
ures from  normal  Mendelian  ratios  when  corn  with  red 
grains  and  white  cobs  was  crossed  with  corn  with  white 
grains  and  red  cobs.  To  Morgan'  and  his  associates, 
however,  we  are  indebted  for  exact,  elaborate,  and  sug- 
gestive investigations  with  Drosophila,  a  fruit  fly,  in  which 
linkage  relations  were  determined. 

Morgan'  found  that  in  Drosophila, which  was  normally 
red-eyed,  there  appeared  in  the  course  of  breeding  experi- 
ments as  many  as  25  distinct  mutations  in  this  eye-color. 
He  supposes,  therefore,  that  at  least  2.')  factors  are  concern- 
ed in  the  production  of  this  red  eye,  and  that  when  a  single 
one  changes  a  different  color  is  obtained.  This  one  factor, 
however,  may  be  called  the  unit  factor  for  this  particular 
color,  so  it  may  be  treated  as  a  simple  Mendelian  factor  in 
segregation. 

Again,  the  idea  of  sex-linked  and  acx-limited  characters 
has  been  developed,  with  the  result  that  many  problems, 
formerly  too  intricate  for  solution,  are  now  yielding  to 
analysis. 

Linkage  has  been  shown  to  occur  in  sweet  peas,  prim- 
rose, snapdragon,  groundsel,  corn,  tomatoes,  wheat,  oats, 
evening  primrose,  grouse-locust,  bat,  silk- worm,  and  poult- 
try  (Morgan). 

Cases  of  Sex-Linked  Inheritance  (See  also  page  142). 
Certain  characters  are  sex-linked  in  that  they  are  trans- 
mitted by  individuals  of  one  sex  almost  exclusively  to  off- 
spring of  the  other  sex.  Color-blindness  in  man  is  an  ex- 
ample. Men  cannot  hand  on  the  character  without  having 
it,  whilst  women  can.  "A  woman  is  only  color-blind  when 
she  is  homozygous  for  the  character;  a  man  is  color-blind 
both  when  he  is  homozygous  and  heterozygous  for  the 
character.  The  normal  women  who  transmit  it  are  heter- 
ozygous for  it"  (Darbishire). 

(!)  -  Prof.  T.  H.  Morgan  was  born  In  ISCt!,  anil  eiluiateU  at  Ki-ntuiky 
State  CoUeKe  and  Johns  Hopkins  Univ.  He  i.s  now  FrofcMsor  of 
Experimantal  Zoology,  Columbia  University.  His  publications  are 
"Kvolution  and  Adai)tation."  •'Heredity  and  Sex."  "Tlie  Mec-lianism 
of  Mendelian  Heredity,"  and  "A  Critique  of  the  Theory  of  Evo- 
lution ' 
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(1)  Female  homozygous  for  a  tex  factor 

The  X  Y  type  of  inheritance.     The  gametic  unions  in 
color-blindness  in  man  may  be  represented  as  follows: 
Let  C  -  Factor  for  color  blindness. 

c  «  Factor  for  absence  of  color  biindnen. 
X  and  X  -  sex  factors  in  female. 
X  and  Y  -  sex  factors  in  male. 

It  is  obvious  that  each  person  will  have  two  kinds  of 
gametes  with  regard  to  color-blindness. 
A  normal  male  will  have  cX  and  Y  eametet; 
a  normal  female  will  have  cX  and  cX; 
a  color-blind  male  will  have  CX  and  Y: 
a  color-blind  female  will  have  CX  and  CX  and; 
a  carrier- female  will  have  CX  and  cX. 
The  X  chromosome  carries  the  factor  for  color-blindness 

The  variations  from  equality  in  the  sex  ratio  iiay  be 
accounted  for  by  one  or  more  of  the  following  causes:  1. 
the  spermatozoa  are  of  two  sizes,  as  shown  by  Wodsedalek 
for  the  horse  and  the  pig,  the  larger  and  less  active  with 
the  ycr  issory  chromosome  being  the  female-producing;  the 
smaller  and  more  active  being  the  male-producing;  2, 
the  different  chromatin  content  of  the  spermatozoa  may 
have  a  bearing  on  their  mortality.    (See  page  143). 

The  gamete  unions  in  color-blindness  may  be  repre- 
sented as  follows: — 

Case  1.    Color-blind  male  x  normal  female. 


CX 


=  male  gametes 


Female 
Gametes 


CX 


cX 


cXCX  (cX)Y 
carrier  normal 
female       male 


cXCX  I  (cX)Y 
carrier  j  normal 
female  I    male 


i.e.     In  the  children  the  normal  males  are  as  frequent  as 
carrier  females. 

Case  II.     Normal  male  x  carrier  female. 
cX  Y         =     male  gametes 

CXcX 

carrier 
female 


i 


Female 
Gametes 


CX 


cX 


normal 
female 


(CX)Y  i 

col.blind 

male 


normal 
male 


i.e.  Half  of  the  males  are  color-blind,  half  normal,  half  of  the 
females  are  normal,  half  carriers. 


Ill 


Gate  in. 


Female 
Gametes 


CX 


cX 


Color-blind  male  x  carrier  female. 

^X  Y  m  male  gametes 

CXCX  i  (CX)Y 
col.  bt'd   col.  bl'd 
female       male   i 


CXcX  (cX)Y  I 
Carrier  i  Normal  I 
female      male 


\'L  f™/  ^^^  "*^'f*  *;?•  color-blind  and  half  normal.    Half 
the  females  are  color-blind  and  half  carriers. 

Case  IV.    Normal  males  and  color-blind  females. 


cX 


Female 
Gametes 


CX 


CX 


CXcX  i   CXY 

carrier  iCoL-bl'd 
female  I    male 


male  gametes 


CXcX      CXY 

Carrier  IcoL-bl'd 
female  '    male 


I.e.    The  females  are  carriers  and  the  males  color-blind. 
Case  V.    Color-blind  male  and  color-blind  female. 

Y^_         "•  male  gametes 

CXY 

col.-bl'd 
male 


Female 
Gametes 


CX 


CXCX 

col.-bl'd 
female 


CX 


CXCX 

col.-bl'd 
female 


CXY 

col.-bl'd 
male 


i.e.    All  are  color-blind. 

Drosophila  Hybrids  (See  also  page  120) 

Morgan's  investigations  on  the  inheritance  of  characters 
in  Drosophila  ampeophila,  the  Pomace  Fly.  furnish  vei? 
complete  records  of  sex-limited  inheritance  This  fly  hS 
«nHT2,"°''"'^"^  ^"t  ^  f^^  white-eyed  forms  were  observed 
and  used  m  crossmg  experiments.    The  following  examDles 

i  SlVT^  °^i*^^  'l"^P^^^  ^^^^«  of  inheritance^  The  re? 
suits  are  explained  on  the  assumption  of  the  presence  of  the 
factor  for  Red-eye  (R).  the  absence  of  this  factor  (r)  and 
the  sex  factors  as  m  the  case  of  color-blindness  in  man  The 
X  chromosome  carries  the  factor  for  color. 
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Catt  I.     White-eyed  male  x  'ied-eyed  female. 

. .  T^i?  n?a'e  gametes  are  of  two  kinds,  viz.  rX  and  Y. 
while  the  female  gametes  are  all  RX.  The  matings  may, 
then,  be  represented  as  follows:— 


rX 


Female 
Gamete* 


(RX 
RX 


Red-eyed 
female 

Red-eyed 
male 

Red-eyed 
female 

Red-eyed    j 

male       | 

<-  male  gamete* 


"  all  red-eyed 


The  diagram  of  the  F,  generation  is— 

RX  Y  -  male  Gametes 


Female 
Gametes 


RX 


rX 


Red-eyed 
female 

Red-eyed    1 

male       | 

Red-eyed 
female 

White-eyed 
male 

50^0  red-eyed  females 
25%  red-eyed  males. 
25%  white-eyed  miles. 
Ratio— 3  red  to  1  white 


Case  II.     White-eyed  male  x  f ,  red-eyed  female  (Hete- 
rozygous). 

The  male  gametes  are  of  two  kinds:  rX  and  Y,  while 
the  female  gametes  are  RX  and  rX.  The  matings  may  be 
represented  as  follows:— 


rX 


V 


Female 
Gametes 


fRX  J  Red-eyed 
I    female 


Red-eyed 
male 


rX   iWhite-eyedl  White-eyed 
I    female  male 


"  male  gametes 

25%  red-eyed  females 
25%  red-eyed  males 
25%  white-eyed  females 
25%  white-eyed  males. 


Case  III.    Red-eyed  male  X  white-eyed  female. 

The  male  gametes  are  RX  and  Y,  and  the  female  game- 
tes rX  and  rX. 


RX 


Female 
Gametes 


frX 


rX 


Red-eyed 
female 


Red-eyed 
female 


White-eyed 
male 


White-eyed 
male 


=  male  gametes 
red-eyed 
females  and 


white-eyed 
males 


Showing  that  the  red-eyed  male  parent  is  heterozygous 
for  color. 

113 


U: 


Case  IV.    Red-eyed  male  x  F,  red-eyed  female  {hetero- 
iygous). 

The  matings  may  be  represented  as  follows:— 
RX  Y  «  male  gametn 


Female 
GameteK 


RX 


rX 


Red-eyed 
female 

Red-eyed 
male 

Red-eyed 
female 

White-eyed 
female 

Same  as  the 
Pipage  113 


Hybrids  of  Dorset  and  Suffolk  Sheep 

Dorset  Ram  (horned)  x  Suffolk  Ewe  (hornless). 

,  ..  T**^  '•esults  are  explained  on  the  assumption  of  the 
following  factors:— 

H  >  factor  for  horns. 

h  m  factor  for  absence  of  hnms. 

XX  -  sex  factors  in  female:  X.  Y  in  male. 

In  homed  ewes  H  &  X  must  be  duplex. 

In  rams  H  and  X  are  simplex. 

Following  are  the  possible  matings: 
Case  I.    Fx  generation. 

HX  HY         -  nmie  gametes 


Female 
Gametes 


hX 
hX 


hornless 
female 

homed 
male 

hornless 
female 

horned 
male 

-  50%  males  homed  and 
.W;;  females  horr'  «. 


Case  II. 


F2  generation. 
HX        hX 


Female 
Gametes 


i  HX 


hX 


HHXX  I  HhXX 

horned    hornless 
female  |  female 


HhXX  I  hhXX 

hornless  i  hornless 
female  !  fe-    le 


HY 


HHXY 

horned 
male 


hY     -  male  gametes 
HhXYl 


horned 
male 


HhXY  I  hhXY 

horned  j  hornless 
male        male 


Giving   3  horned  males, 

3  hornless  females, 
1  horned  female,  and 
1  hornless  male. 

(See  Articles  by  Arkell  and  Davenport,  Science,  1912.  for 
other  results). 
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Wentworth  of  Kansas  Attricultural  Experiment 
Station  reports,  the  erd  Ayrshire  bull  beinR  a  dark  maho- 
gany and  white  in  color,  popularly  known  as  black,  that 
( 1 )  crosses  with  red  females  produced  all  black  males  and 
all  red  females;  (2)  the  F,  Kenerat ion  shows  a  black  male 
and  a  black  female;  (li)  crosses  with  black  females  pro- 
dticed  one  black  male  and  three  black  females;  ( t)  cross- 
mg  a  similar  black  female  with  a  black  male  (heterozygous) 
gave  2  black  males,  2  black  females,  and  one  red  female. 

There  is  here  evidence  of  color  being  linked  up  with  sex . 

(2)  Female  Heterozygous  for  Sex  Factor 

The  WZ  type  of  inheritance 
Hybrids  of  A  raxas  Moths. 

Mention  has  already  been  made  of  the  probability 
that  the  females  of  Abraxas  are  heterozygous  and  the  males 
homoyzgous  with  regard  to  the  sex  factor. 

The  results  of  crossing  A.  grossulariata  and  A.  lacticolor, 
a  pale  vanety,  by  Doncaster  and  Raynor  are  explained  on 
two  assumptions: 

(1)  The  female  is  heterozygous  for  sex,  femaleness 
bemg  dominant,  and  the  male  homozygous  re- 
cessive; 

(2)  The  factor  for  color  for  grossularir ta  is  dominant. 
The  gametic  formula  for  the  crossings  are  given  below  : 

C    -  dominant  foctor  for  color  {grossulariata) 

c    -  recessive  factor  for  color  (lacticolor) 
WZ    =  sex  factors  in  female  ( two  kinds  of  ova) 
WW    =  Sex  factors  in  male  (one  kind  of  sperm) 

Case  I.  Grossulariata  (male)  x  lacticolor  (female,. 

The  male  gametes  are  all  of  one  kind-CW,  while'the 
female  gametes  are  of  two  kinds-cW  and  cZ.  * 

The  matings  may  be  represented  as  follows:— 


CW       cw 


=   m^.c  gametes 


Female 
Gametes 


cW 


Z 


CcWW 

Gross, 
male 


CcWW 

Gross, 
male 


cwz 

Gross, 
female 


cwz 

Gross, 
female 


i.e.    All  grossulariata,  half  being  male. 


I 


i  n 


h 


Case  II. 
female. 


Fi  Grossulariata  male  x  Fi  Grossulariata 
CW         cW         =  male  gametes 


Female 
Gametes 


CW 


CCWW 

Gross, 
male 

CcWW 

Gross. 

male 

CWZ 

Gross, 
female 

cWZ 
Lacti. 
female 

i.e    75%  grossulariata.  25%  lacticolor female. 

Case  III.    Fi  Grossulariata  (male)  x  lacticolor  (Jemale) 


CW       cW 


male  gametes 


Female 
Gametes 


cW 


CcWW  I  ccWW 

Grossu.  I    Lacti. 
male        male 


CWZ      cWZ 
Grossu.     Lacti. 
(female)  female 


i.e.     50%  lacticolor,  50%  grossulariata. 

Case  IV.     Lacticolor  {male)  x  F,  grossulariata,  {female) 


cW 


cW         =   male  gametes 


Female 


Gametes 


I  CcW'V  j  CcWW 
CW  ;  Grossu.  I  Grossu. 
;    male    i    male 


cWZ 

Lacti. 
female 


cWZ 

Lacti. 
female 


i.e.     50%  grossulariata  males.     50%  lacticolor  females. 

Fowl  Hybrids.    When  Barred  Plymouth  Rocks  were 
crossed  with  Cornish  Indian  Game  or  Black  Langshans 
results  similar  to  those  obtained  in  Abraxas  were  obtained' 
The  female  Barred  Plymouth  Rock  is  evidently  hetero- 
zygous for  color. 

B    =  dominant  factor  for  Barring. 

b    =  recessive    factor. 
WZ  '  =  sex  factors  in  female  (two  kinds  of  ova). 
WW    =  sex  factors  in  male  (one  kind  of  sperm). 
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Case  I.    Barred  Plymouth  Rock  (male)  x  Cornish 
Indian  Game  (female). 

The  matings  may  be  represented  as  follows:— 

BW         BW 


male  gametes 


Female 
Gametes 


BbWW  I  BbWW 
bW  I. Barred     Barred 
male       male 

BWZ       BWZ 

Barred     Barred 
female  I  female 


i.e.     all  barred  fowls. 


I'lg,  l!l. — Results  of  oro.ssiriK  a  Black  I.ang- 
shan  (male)  with  a  Barred  Plymouth  Rock 
(female). 

Case  II.     F,  Barred  {male)  x  Fi  Barred  (female)  of 
Case  I. 


BW 


bW 


=  male  gametes 


Female 
Gametes 


BW 


BBWW 

Barred 

male 

BbWW 

Barred 

male 

BWZ 

Barred 
female 

bWZ 

Black 
female 

i.e.     25%  black  females. 


ii; 


ilM 


Case 


III.     Cornish   Indian    Game  (male)  x  Barred 
Plymouth  Rock  {female). 

bW        bW  m  male  gametes 


r 


Female 
Jametes 


BW 


Case  IV.     F,  Barred  (male)  x  Fi  Unbarred  (female)  of 
Case  III. 


BW 


bW 


=   male  gametes 


Female 
Gamttes 


bW 


j  BbWW 
:  Barred 
i    male 

bbWW 
Black 
male 

1    BWZ 
!  Barred 
1  female 

bWZ 
Black 
female 

i.e.     50%  barred,  50%  unbarred 
(See  Fig.  19). 


Morgan  says  that  the  results  of  such  crossing  "means 
that  the  Barred  Plymouth  Rock  is  a  black  race  with  an 
additional  dominant  factor  for  barring.  The  Black  Lang- 
shan  is  the  same  black  race  but  without  the  barring  factor." 

Egg  Production  in  Fowls 

The  inheritance  of  egg-production  or  fecundity  has 
been  shown  by  Dr.  Pearl  to  be  sex-linked.  As  the  subject 
is  too  intricate  for  full  discussion  in  a  work  of  this  kind 
reference  will  be  made  only  to  the  main  features. 

Pearl  found  (a)  that  high  egg-production  could  not  be 
obtame^  by  selecting  good-laying  hens  only  as  mothers; 
and  (b)  that  the  laying  capacity  of  hens  could  be  ascertain- 
ed at  an  early  stage  by  noting  the  first  winter  production. 
On  this  basis  he  classifies  hens  into  three  groups :  ( 1)  those 
laying  over  thirty  eggs  during  their  first  winter  will  lav  from 
150-200  eggs  during  the  year,  (2)  those  laying  few* '  than 
thirty  eggs  during  the  winter  will  lay  from  80- 1 20  eg^s,  and 
Ci)  those  laying  no  eggs  will  lay  from  40-60  eggs. 

With  the  above  groups  in  mind  Pearl  advanced  the 
workmg  hypothesis  that  the  egg-laying  capacity  of  hens 
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depends  on  the  presence  or  absence  of  three  separate  factors 
which  act  in  a  MendeUan  manner.  These  factors  are :—  1 . 
A  fecundity  factor  (A.a),  making  for  a  winter  production 
of  less  than  thirty  eggs;  2.  a  sex-linked  fecundity  factor 
{B,b),  also  making  for  a  winter  egg-production  of  less  than 
thirty  eggs;  when  these  two  factors  are  joined  a  winter  pro- 
duction of  more  than  thirty  eggs  occurs;  and  3.  sex  factors 
of  the  WZ  type  of  inheritance,  the  female  being  heterozy- 
gous and  the  male  homozygous,  and  ine  factor  for  female- 
ness  being  linked  with  the  recession  fecundity  factor  b, 

Pearl's  three  groups  of  hens  probably  represent  six 
genotypes:  WBAZbA,  WBAZba,  forming  the  high  producers 
of  group  1;  WBaZba,  WbAZbA,  WbAZba  forming  group  2, 
and  WbaZba  forming  group  3. 

The  cocks  would  be  divided  into  two  groups  lepresent- 
mg  nine  genotypes:  WBAWBA,  WBAWBa  in  group  1, 
,!;?J?^,^,^^^^  ^^"  ^  expected  high  producing  daughters;  and 
S^r??;;,?^'  WBAWbA.  WBAWba,  WBaWba,  WbAWbA, 
WbAWba  and  WbaWba. 

"  It  is,  therefore,  no  use  simply  to  r-jlect  hens  from  moth- 
ers with  high  egg  production,  since  the  factor  which  deter- 
mines this  character  is  transmitted  by  the  mother  only  to 
her  male  offspring."  To  get  a  strain  of  high  producers 
the  father  of  the  selected  hens  should  be  the  son  of  a  hen 
with  high  egg  production,  and  only  by  mating  such  cocks 
with  hens  which  themselves  are  good  layers  can  a  pure  strain 
be  built  up." 

(See  also  Babcock  and  Clausen,  pp  560-562  and  585- 
590,  and  Wilson  pp.  99-103). 

What  proofs  (besides  that  mentioned  above  >  can  be 
given  for  the  belief  that  high  fecundity  is  inheiiti-d  from 
the  sire  ? 

In  the  cases  of  Drosophila,  man  and  sheep,  it  will  be 
observed  ihat  the  male  transmits  certain  characters  to  his 
daughters  only,  while  in  the  cases  of  Abraxas  and  Fowl  the 
female  transmits  certain  characters  to  her  sons  only.  In 
the  former  cases  the  characters  appear  in  the  males  and  are 
transmitted  by  the  females  That  is,  if  a  color-blind  man 
marries  a  normal  woman  the  offspring  are  normal.  But  if 
a  daughter  marries  a  normal  man  some  of  the  sons  will  be 
color  blind. 

If  a  white-eyed  male  Drosophila  is  mated  to  a  red-eyed 
female  the  offspring  are  red-eyed.  If  these  are  inbred  all 
the  Fj  daughters  are  red-eyed,  but  half  the  sons  are  white- 
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l?^isibi7v"tni!Sf  of  v^  grandfather  transmits  his  charact- 

(^*rflxa5)  female  maters  with  a%5«J?Av.S  mafeSoro 
geny  are  all  grossulariata,  but  if  these  are  inb?ed  the  rSSe" 

JmvfThlff  grandmother  has  transmitted  her  pecuSty 
S,ns^(Mo?gfn)°'  ^'''  ^'•^"^-^^"ghters  but  to  n?ne  of  he? 

Laboratory  Exercises  with  Drosophila 

T^e  Drosophila  fly   is  one  of  the  most  convenient 

?nff  of '^l  t°  TPJoy  with  classes  in  demonstrating  The  nS- 
^J{  Mendehan  inheritance.  It  can  be  readily  secured 
about  fermenting  fruit,  and  can  be  reared  in  large  numbS-s 
in  sterilized  vials  containing  bits  of  ferment1n|  C^s 


m 


funSS?rHo?nfVif  ^k"  ^o^-^^^r- to  prevent  bacterial  and 
lungal  infection  of  the  bananas.  Mutants  will  usuallv  Hp 
found  where  a  large  number  of  the  flies  are  bS  The  nor- 
mal fly  has  a  grayish-yellow  body,  lorn  wings  and  r.rf  eyes 
t>"t  forms  may  be  discovered  having  black  vellownr 
tp?a^^'%^1S^'''  "  '''''^^^  wiUf  and^Sr.  Z 
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With  such  material  numerous  exercises  may  be  con- 
ducted, as  follows:— 

1.  Cross  normal  with  vestigial  winged  forms,  and 

carry  on"  through  the  Fj  generation. 

2.  Cross  a  normal  fly  with  a  black-bodied  fly,  and 

'carry  on"  through  the  Fj  generation. 

3.  Make  reciprocal  crossings  of  gray  and  yellow  flies 
and    carry  on"  through  the  Fj  generation. 

4.  Make  reciprocal  crosses  of  a  white-eyed  male,  if 
such  can  be  found,  with  a  red-eyed  female  and 
"carry  on ' '  through  Fj 

Etc. 

Give  the  interpretation  of  the  results.  What  was 
Morgan  s  method  )f  locating  the  150  distinct  characters  in 
UTosophtla  mto  four  groups  ?    (See  Morgan's  Critique). 

Drosophila  is  readily  and  conveniently  reared  in  bottles 
o;  banana-agar  inoculated  with  yeast.  Two  or  three  over- 
ripe bananas  are  mashed  in  200  cc  water  and  added  to  200  cc 
of  liquid  agar,  made  by  adding  4  grams  of  agar  to  200  cc 
of  water  and  autoclaving  until  the  agar  is  thoroughly  dis- 
solved. The  banana-agar  is  then  poured  into  6  oz.  cotton- 
plugged,  wide-mouthed  bottles  to  a  depth  of  half  an  inch. 

On  solidification  two  or  three  drops  of  yeast  solution 
are  added  to  each  bottle.  F'^r  student-work,  test-tubes 
or  vials  may  be  used. 

The  sexes  of  Drosophila  may  be  distinguished  by  the 
following  characters  of  the  abdomen:— 

Female 

(1)  Five  black  bands. 

(2)  Black  caudal  band 
never   meets   on   the 
under  surface. 

(3)  Caudal  extremity 

//-      y,    /- sharp  and  protruding. 

(Consult  Genetics  Laboratory  Manual  by  Babcock  and 
Collins  for  details  regarding  the  method  of  breeding  and 
experimenting  with  Drosophila). 

Crossing-over 

Reference  has  already  been  made  to  the  fact  that  the 
expected  Mendelian  ratios  in  segregation  do  not  always 
occur.  Such  departures  are  due  in  many  cases  to  linkage 
of  factors  in  the  same  chromosome,  and  in  some  cases  to 
crossing-over"  of  factors  from  one  of  the  homologous 
chromosomes  to  the  other  at  synapsis  preparatory  to  re- 
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Male 

(1)  Three  narrow  bands 
and  a  black  tip. 

(2)  Black  caudal  band  ex- 
tends around  the  under 
side. 

(3)  Caudal  extremity  ra- 
ther round  and  blunt. 


duction.  Linkage  of  characters  is  probably  more  common 
than  sex-hnkage  where  the  characters  lie  in  the  sex  chromo- 
some. 

Instances  of  sex-linked  inheritance  have  already  been 
discussed,  consequently  only  a  brief  treatment  will  be  given 
of  Imkage  of  other  factors. 

Morgan  says:  "When  factors  lie  in  diflferent  chromo- 
somes they  give  the  Mendelian  expectations;  but  when 
lactors  he  in  the  same  chromosome  they  may  be  said  to  be 
Itnked,  and  they  give  departures  from  the  Mendelian  ratios. 
tor  example.  Morgan  crossed  a  gray  vestigial-winged  male 
Drosophila  with  an  ebony  long-winged  form.  The  F,  were 
all  gray  lonR-winged  flies,  and  the  F,  gave  the  normal  Men- 
delian ratio  of  9 :3 :3 : 1  In  this  case  the  factors  lay  in  differ- 
ent chromosomes. 

But  when  he  crossed  a  black  vestigial- winged  male  fly 
with  a  gray  long- winged  female  form,  the  F,  were  all  gray 
long-winged  flies.  When,  however,  it  is  known  that  the 
lactors  */cc*  and  vestigial  lie  in  the  same  chromosome  and 
tne  actors  gray  and  long  lie  in  another  chromosome,  it  will 
be  clear  that  the  cells  of  the  F,  carry  two  kinds  of  chromo- 
somes and  that  Its  gametes  should  be  bv  and  GL  for  each 
sex.  I  he  Fi  should  be  expected  to  give  black  vestigial  and 
gray  long  m  the  ratio  of  1 :3  according  to  the  following 

^^  GL  =   female  gametes 


Male 
Gametes 


bv 


GL 
GL         bv 

^graylong 


Actual  breeding  results  .however,  included  in  addition 
a  small  percentage  of  black  long  and  gray  vestigial  forms. 
This  departure  is  explained  if  the  female  gametes  are  bv. 
UL.  bL,  Gv.  according  to  the  following  diagram: 

^'^  GL  bL  Gv      =  Female 


Male 


fbv 


Gametes    | 


bv 

bv 

black 

vestigial 


bv 
GL 

graylong 


bv 

bL 

black 

long 


bv 
Gv 

gray 
vestigial 


GL 


GL 

bv 
graylong 


GL 
GL 

graylong 


GL       i       GL 
bL        1       Gv 

graylong  i  graylong 


12-2 


P    ':iii 
i    |..| 


If  the  female  gametes  had  been  all  of  the  same  number 
the  ratio  would  have  been 

1  black  vestigial, 

5  gray  long, 

1  black  long  and 

1  gray  vestigial, 
but  as  the  two  latter  appeared  in  about  17'  r  of  the  cases 
It  IS  evident  that  the  gametes  do  not  exist  in  equal  numbers. 

Instead  of  crossing  an  F,  male  with  an  F,  female,  the 
crossmg-over  can  be  more  readily  made  out  by  back-cross- 


_  Imk.  21.— Diasraiii  of  the  Prol>:ihle  Mi-olianism  of 
Crossing-over."  I'airs  of  hoinoloKou.s  chroniO.soiups, 
ont  from  the  father  and  the  other  from  the  mother, 
are  shown  ii,  synapsis;  on  the  left  thev  lie  parallel  to 
each  other  and  when  they  separate  they  remain  as 
they  were  before  union:  in  the  second  column  they  are 
shown  crossiiiR  each  other  one  or  more  times:  in  the 
remaining  figures  are  shown  the  results  of  the  <'hro- 
mosomes  breaking  at  the  points  of  crossing,  thus  in- 
terchanging sections  of  the  two  chromosomes.  Let- 
ters i;idicate  loci  of  homologous  genes  in  the  two 
chronib.somes  of  .i  i)air.      (After  Wilson.). 

ing  an  F,  femal.  to  a  black-vestigial  male.  Four  kinds  of 
flies  are  produced,  viz.,  black-vestigial,  gray  long,  black- 
long  and  gray  vestigial,  according  to  the  following  diagram: 


Male 


f 


Gametes    1 

I 


bv 


bv 


GL 


bL 


Gv 


bv 

GL 

BL 

Gv       i 

bv 

bv 

bv 

bv 

!     black 

gray 

black 

gray 

vestigial 

long 

long 

vestigial 

female 
gametes 
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aan  JJ  ♦f*'^°?u"'^'*°"  ?^  ^"<=^  gamctcs  is  cxpla  ncd  by  Mor- 
gan on  the  theory  of  crossing-over.  At  synapsis  the  two 
chromosomes  one  containing  ftr.  the  other  crimetim^s 
^^?lfl^'f^^^^  ^"^^^^  ^  t^^at  they  do  not  separaTe  c?m! 
petely  but  an  exchange  or  crossing  over  of  factors  takes 

2  r  M?r.'i;f  ^T^^''?^  °^  i^°  "^'^^d  cll'cS,mes  (Fig 
21).    Morgan  states  that  this  crossing-over  in  the  F.  {% 

duce  flSnt  9?^  kV  V^  crossmg-over  on  the  F^  is  to  pro- 
auce  about  21%  black  vestigia  .  70%  gray  lone  4< '  htarlf 
long  and  4%  gray  vestigial     (Fig.  21) 

tance  Shir  ^'li^^rif  ^^  Vf"  i^  P^^'H^  ^^»«  P^^^e  of  i"heri- 
S«VS?r.^y/  ^  referred  to  Morgan's  Mechanism  of  Men- 
deltan  Heredity,  and  Physical  Basis  of  Heredity. 

(e)--Endo8perm  Inheritance 

m  .«5f  5 c''*'"^®  ^^^  '^^^  ^^^^  ^o  the  phenomenon  of  Xenia 
n  n«r?if^K  P^«\30).    We  know  that  the  endosperm  is  nit 

malt  ce^  w?th 'S^7^•  ^'  '\^^^  P'"?^"^^  ^^  thelusion  of  a 
^^mJ  iT-^^.fi  f"f'°"  nucleus  which  is  formed  by  two 
nuclei  It  IS.  therefore,  a  hybrid  of  three  nuclei  (a  trSe 
fusion)  and  appears  the  same  year  the  seed  is  plan?ed 

whit  Jcorn'^Sol"/  '"^^f  ^"^  '^^':^^y  ^o'*"'  and  red  and 
TTlhedwJ^^iZlFff  ''^"'^  ^?/^  ^a«  fi^'st  understood. 

An fi?.i  .^^''^  °^  {°'"^'^"  Po"*^"  o"  the  endosperm. 

An  interesting  result  occurs,  however,  when  the  oollen 
of  a  white  corn  falls  on  the  silks  of  a  red  coVrfo?  a  red?om 
S^fflS^r/^f  ^"i^'^.  "^^^  ^^^  colo"-  <^on^es  not  from  ?he 
rSSof  ihl«i"  ^^^  ^"'r  ""'^'^"^  °f  ^J^e  red  corn.  The 
fows  R  inH  w  ^"P/k'**'^^  "^'r^'  '"fy  "^  explained  as  fol- 
Tn  thT^^f  "^  ^.f  ^  ^¥  ^^o  factors  for  color.  R  dominant- 
WW  iS?h  case  the  endosperm  has  the  genetic  female  of  R 
WW  in  the  reciprocal  WRR.    Both  will,  therefore,  be  red 

Ihe  above  illustration  and  the  one  given  on  page  30 
are  sometimes  cited  as  cases  of  maternal  inheritancf 

(f)— Breeding  for  Quality  and  Quantity  of  Milk 

Improvement  of  Quality  of  Cow's  Milk. 

We  must  look  to  Denmark  for  an  example  of  such  im 

mty  years.    The  improvement  is  to  oe  attributed  (1 )  to  thp 
use  of  sires  who  were  the  sons  of  cows  giv  Srhigh  qualitv 

Si  k  "and^^2")  fiV/h^"';-^  ^f  ^^'S^^  ^-"'^  "^^  ^^ 
ky  milk  breeding  from  dams  giving  high  qual- 
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The  records  of  the  herds  studied  show  clearly  that  the 
quality  of  the  milk  depends  on  the  dam  as  well  as  the  sire. 
It  is  impossible  as  yet  to  determine  the  Mendelian  factors 
concerned,  but  by  selection  according  to  milk  records,  and 
by  mating  the  highest,  animals  are  produced  with  all  the 
factors,  whatever  they  may  be,  necessary  for  the  produc- 
tion of  high  quality  milk. 

Breeding  for  Milk  Production. 

Few  records  have  as  yet  been  published  regarding  the 
inheritance  of  quantity  in  milk,  but  these  seem  to  show  that 
quantity  and  quality  are  inherited  separately.  It  must  be 
borne  m  mind  that  milk  yields  fluctuate  with  food,  weather, 
comfort,  shelter,  health,  age  and  lactation  period. 

Professor  Wilson  of  Dublin  suggests  a  method  of  cal- 
culating the  milk  yield  which  is  free  from  many  of  the  un- 
certainties referred  to.  He  says  that  about  half  the  cow's 
total  yield  for  a  normal  lactation  is  given  by  about  the  end 
of  three  months.  This  part  is  freer  from  variation  than  the 
remaining  part  ,and  may  be  used  to  determine  the  grade  of 
the  cow.  He  computes  that  a  cow  giving  5i  gals,  a  day  at 
her  maximum  will  give  over  1000  gallons  during  a  normal 
lactation;  a  4-gallon  cow  will  give  800  gallons,  and  a  24- 
gallon  cow  about  500  gallons.  That  is.  the  maximum  when 
multiplied  by  200  gives  the  total  yield  approximately. >  To 
breed  up  a  milking  herd,  first  secure  a  high  grade  bull.  i.e.  a 
bull  which  has  produced  all  high  grade  daughters  from  high 
grade  cows,  or  half  his  daughters  high  grade  by  medium 
grade  cows,  or  all  his  daughters  medium  from  low  grade 
cows.  By  continuing  the  application  of  this  principle  it  is 
possible  to  grade  up  a  herd  in  time  so  that  all  its  members 
will  be  high  grade. 

(g) — Atavism  and  Reversion 

When  a  form  arises  which  resembles  a  grandparent  in 
some  characters  rather  than  a  parent,  the  term  atavism 
has  been  given  to  designate  the  occurrence.  When  a  form 
possesses  a  character  which  does  not  appear  in  any  near 
generation  the  case  is  one  of  reversion. 

Atavism  is  often  readily  explained  by  Mendelian  laws. 
For  example,  a  blue-eyed  child  of  heterozygous  brown-eyed 
parents  has  two  blue-eyed  grandparents.    This  is  a  case  of 

(J) — Canadian  anrt  American  authorities  .Tie  of  the  opinion  that  thla 
method  of  coniputinK  the  milk  yield  is  not  sufficiently  accurate 
for  scientific  purpose.s.  They  prefer  to  trust  to  the  systematic 
welKhinK  of  the  milk  and  tn  reckon  the  total  milk  yield  from 
the  daily  or  weekly  records. 
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foUow?-"^  *^  **  "^^^^''^  explained  by  Mendelian  laws,  as 
Brown-eyed  x  blue-e: v-d      Blue-eyed  x  brown-eyed       .  P, 

X 


Brown-eyed 
(impure) 


Brown-eyed F, 

(impure) 


Brown-eyed 

ipure) 


Brown-eyed 
(impure) 


Blue-eyed F, 

(pure) 


Reversion  is  also  sometimes  explained  by  Mendelian 
laws  as  latent  characters  appearing  on  segregation.  Ex- 
amples occur  when  varieties  of  white  -flowered  sweet  oeas 
are  crossed.  (See  Chapter  15).  The  progeny  are  puiple 
»lV^u  "^li^^  ^°/??'  also  when  the  Bush  sweet  pea  is  crossed 
with  the  dwarf  Cupid  sweet  pea  (Punnett).  Foals  some- 
times have  a  few  stripes  on  the  fore  legs,  and  slaty-blue 
pigeons  occur  among  buff  and  white  domestic  pigeons. 
Read  Darbishire  s  account  of  the  results  of  crossing  Albino 
mice  with  Japanese  waltzing  mice. 

Problems.~\.  Account  for  the  occasional  appearance  of  a 
horned  animal  and  of  a  red  colored  calf  in 
herds  of  Aberdeen-Angus. 
2.  Account  for  the  occasional  appearance  of  a 
black  hen  in  the  progeny  of  Barred  Ply- 
mouth Rocks. 

(h)— Inheritance  in  Aphids  or  Plant  Lice 

•    The  life  history  of  aphids  is  well  known.     The  fertilized 
egg  hatches  out  a  female,  the  stem-inolher,  the  following 
spring,  followed  by  a  succession  of  generations  of  females. 
Un  the  approach  of  autumn  a  brood  of  sexual  males  and 
temales  appears.    The  explanation  of  these  phenomena  is 
not  clear,  but  some  progress  has  been  made  in  solving  the 
mystery.     Morgan  has  shown  that  the  spermatids  of  PhvU- 
oxera  are  of  two  kinds,  but  those  without  an  accessory 
chromosome  degenerate.    Consequently  only  those  con- 
taining an  accessory  chromosome  take  part  in  fertilization, 
and  the  fertilized  eggs  produce  females.    The  problem  of 
the  production  of  the  males  parthenogenetically.  however, 
at  the  approach  of  autumn  has  not  vet  been  solved.    It  is 
probable,  however,  that  external  o    environmental  factors 
are  to  some  extent  responsible.     L   -  caryxcaulis  one-stem 
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mother  mves  rise  to  the  line  ending  in  sexual  females,  and 
another  stem-mother  to  the  line  ending  in  the  males.  On 
the  other  hand  in  other  species  of  Phylloxera  and  in  many 
aphids  the  same  stem-mother  produces  both  lines. 

In  this  connection  it  is  interesting  to  observe  the  pro- 
duction of  males  and  females  among  bees,  wasps  and  ants 
It  IS  well  known  that  fertilized  eggs  of  the  queen  bee  pro- 
duce females  and  unfertilized  eggs  males.  The  mature  egg 
has  one  sex  chromosome  and  the  male  cell  has  but  one. 
When  the  egg  is  fertilized  by  a  mi'le  cell  the  product  has 
two  sex  chromosomes,  characteristic  of  the  cells  of  a  female 
bee;  when  unfertilized  the  egg  develops  into  a  male. 

Nalure  and  Nurture  Again.-  "According  to  Mendel's 
law  certam  ancestors  contribute  nothing  to  the  constitution 
of  certain  off sprmg  in  respect  of  certain  characters ' '  ( Lock ) . 
hencp  all  mdividuals  of  a  race  may  and  often  do  not  possess 
the  same  characters.  Neither  are  the  differences  between 
individuals  of  the  same  race  always  the  result  of  unequal 
development  of  the  characters  or  even  of  their  latency. 

A  distinction  is  here  made  between  racial  and  varietal 
characters,  but  no  matter  how  it  is  composed  "every  inheri- 
tance requires  an  appropriate  nurture  if  it  is  to  realize  itself 
m  development.  Nurture  supplies  the  liberating  stimuli 
necessary  for  the  fuller  expression  of  the  inheritance" 
(Thomson). 

It  is  often  difficult  to  say  which  is  the  more  important 
factor  in  the  life  of  the  organism— Nature  or  Nurture.  The 
organism  is  dependent  upon  its  surroundings- for  its  develop- 
ment. In  unappropriate,  unfavorable  surroundings  the 
natural  inheritance  cannot  find  expression  for  its  highest 
possibilities.  On  the  other  hand  the  highest  development 
cannot  be  attained  even  in  the  best  environment  by  an 
organism  with  poor  natural  inheritance  (See  section  "£«- 
genics"). 

In  Mendelian  inheritance  every  character  is  represent- 
ed by  one  or  more  determiners  or  factors.  This  idea  may 
profitably  be  introduced  into  the  discussion  of  Nature  and 
Nurture.  Here,  however,  it  must  be  assumed  that  there  are 
two  sets  of  factors-  those  of  environment  and  those  of  in- 
heritance—every character  being  the  product  of  these  two 
sets  of  factors.  If  either  set  be  altered  the  organism  will  be 
altered,  that  is,  there  will  be  variation.  "  Only  those  chara- 
acters  appear  regularly  in  successive  generations  which 
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SkPt.™^!  '***'''  ^^^•'op'nent  on  stimuli  alwayn  present  in 

5^toKl'»Zl!h.rJ!I^-  »^***"'  depending  on  a  new  S 
occasional  stimulus,  do  not  reapppear  in  the  next  cenera- 
tion  unless  the  stimulus  is  present  NCkxxlrich) 

u«„  5*"*'  of  Aptilication  of  Mendel's  Laws.-  The  unravel- 
Img  of  many  mtncate  cases  of  crossing  during  the  last  few 
KS't'.nf  •''?"f^  some  supposed  instances  S?  Biendid  In^ 
heritance  into  the  Mendehan  list  (see  pages  74-95).  En- 
thusiasticMendelists  assert  that  the  larfolds  tS  for  all 

ml  n,°tn'Kf '^'^'"  ',1  ^^^  Pl^"^*  «"d  a^^^'al^.  buTthb  re- 
mains to  be  seen.  It  must  be  remembered,  however  that 
many  complications  often  arise  to  blur  the  segregSn;  such 
TnSmZieT"'''''''  '"«'^'>''"''>' ^Z^^'"".  dfncUff!^of 

fn  nrfSrf  P'^nt  brcedcrs  believe  that  it  will  be  possible  soon 
to  predict  varieties  with  some  degree  of  accuracjT  Gilbert 
gives  his  reasons  for  doubting  this  belief  as  follows: 

"  (1)  We  do  not  know  what  plants  will  Mendelize  until 

Even  in  plants  that  do  not  Mendelize,  one  half  of 
the  offspnng  have  stable  characters. 
Mendel's  laws  deal  primarily  with  mere  characters 
not  with  a  variety  or  with  a  plant  as  a  whole. 
The  breeder  usually  wants  wholly  new  characters 
as  well  as  recombinations  of  old  ones,  or  he  wants 
augumented  characters,  and  these  lie  outside  the 
true  Mendehan  categories. 

New  and  unprofitable  characters  are  likely  to  arise 
irom  the  influence  of  environment  or  other  causes 
(6)  Variability  itself  may  be  a  unit  character  and  there- 
fore pass  over. 

Many  plants  with  which  we  must  work  will  not 
close-fertilize;  some  are  monoecious  or  dioecious. 
One  can  never  predict  just  what  combination  of 
characters  any  plant  of  a  cultural  variety  will  have 
even  though  it  be  strictly  Mendelian." 

are  oT 'lf«h?Jf^'l°^'*'^^  principles  especially  Mendel's  laws, 
are  of  value  to  the  commercial  plant  breeders.  They  are 
ttme-savers,  for  the  breeders  know  that  it  is  in  the  second 
K^^^/"^'■^^'°"•^^^^  segregation  takes  place,  not  in  the 

^llhM^'''^°''^''  '^  S^"u*^  'J^^  ascertained  what  characters 
are  heterozygous  and  therefore  unfixable. 
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(2) 
(3) 
(4) 


(5) 


(7) 
(8) 


diffeHn*;hdrrnSii^^^  and  Mendel 

egg.  The  former  SSSvSd  th«^  J^i  »h"^T ""^  ^^'^  fertilixed 
parents  are  represented  S.  .w.  'J^*,  ^-'^^racters  of  both 
latter  showed  tha^ChararL'*'*  '"  ^^"^  fertilized  egg.  The 
ductive  celironly  one  o?^^^^^^  segregated  in  th?  reoro! 
parents  being  present  contrasting  characters  of*the 

ofch;rVte?sfrom^r.rnL\r^^^^^^^^^^  T'^'"^  «  ^^'^^t'on 
tion"  (Coulter).  a"cei,try.  and  not  a  complete  collec- 

Chapter  16      BIOLOGIC  METHOD  OF  INVESTI 
GATING  HEREDITY       '^VESTI- 

especiSllV'LSSfonS^^^^ 

over"  and  sex  it  wa«  f„„.,D  ""Kage or couphng,  "crossine- 

tence  of  chmmLmes  a^wTorth'"  ^'^^^^  ^»^^^''^'- 
This  chapter  will  dTaTmore  narticulriv*  ^^l^^^  ^^^^°'^- 
chromosomes,  which  is  thPthfrH^'^'^o^'/*^  *^e  study  of 
studying  heredit>^  (£e  Jige  ](}t  *"'  ^  ^^''  "''""'^  "^^ 
(a)-  The  Cell  in  Heredity 

every'cSfer^J?,Ti;%^^^^^^^^^^ 
However,  in  the  higher  mu[»?rS,^io  ^^  ^"^""^  organism, 
the  power  of  reproducinlaTor;..n-i^^  ^'^"^  ^"^  animals 
productive  or  gerTce  Is  L?Si  r^'r'^'^"*^^^^  ^°  ^»»ere- 
the  germ-cells  of  t?^  higher  or?n^^^^^^  "''"'  tn.s  standpoint 
with  special  powerTbit  ceM^  K  i,^  ^'^  "^'  ^^"^  endowed 

tive  power.  Kging  to  cdk  0^?^ -^^^I""^  ^?'«  P""^*- 
aniirals.  ^    *^       '^^"^  °'  ^"^  simplest  plants  and 

volvis  cKffeiSittatirV"  '"','?^  ^^^^  reproduction  in- 
Heredity  transmSon^'is'  t'herSe'^^con^-^^^i^'P'J^.^^^^"- 

structure,  and  the  factors  that  conTrnWhr^^^        ^'^^  <^e" 
cell.    Parental  likenpv-f  V       ^?"irol  the  machinery  of  the 

plained;  afitLapSe^rkncerfn.^'  \^"^''°"'  '^  ^^  ^e  ex 
of  old  ones.  ^PP^arance  of  new  characters  and  the  loss 

/>ro4/tm'ii  ks  Inltil  form'^UH"^''''"«u^^^"t'a"y  of 
cytoplasm,  and  the  spedaSd  «1"/^'"^  ^*lf  """modified 
(m  animals),  while  as  Jnesimh,!  J  "'  ''''^^  centrosome 
ially  in  plants)  may  l^  enuXaTedT'^""^""™'"'^  ^^^P^^" 
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The  cell  membrane,  starch  grains,  pigment  granules, 
oil  globules,  chlorophyll  granules  and  protein  granules. 
(Fig.  22). 

New  cells  arise  by  a  process  of  division  from  the  mother 
cell,  which  divides  into  two  cells,  and  each  of  these  into  two 
cells,  and  so  the  cells  multiply  until  the  body  of  the  plant  or 
animal  is  constructed.  This  original  mother-cell  is  called 
the  fertilized  egg-cell  or  zygote,  which  as  we  have  already 


em. 


FiK.  22. — A,  ovarian  ovum  of  cat:  cm,  cell  mem- 
brane; mi,  microsomes;  o,  nucleolus;  nm,  nuclear 
membrane:  y.  yolk  alveoli.  B,  cell  from  root  cap  of 
callalily;  d.  p'lastids. 


noted,  arises  by  the  fusion  of  two  independent  cells—the 
gametes  or  germ-cells  —  male  and  f  male.  The  female 
gamete  is  called  the  egg-cell  or  ovum,  the  male  gamete,  the 
sperm-cell,  spermatozoon  or  spermatozoid.  (See  also 
page  43). 

Nuclear  Division.— In  the  division  of  cells  the  nucleus 
plays  a  prominent  part.  On  staining  the  cell  the  nucleus 
is  seen  to  have  a  complex  structure.  It  is  composed  of  a 
network  of  fibrils,  enclosing  in  its  meshes  a  clear  substance. 
Embedded  in  the  fibrils  are  granules  of  a  substance  which 
stains  very  deeply,  called  chromatin.  When  a  cell  is  about 
to  undergo  division  the  chromatin  substance  changes  fi  m 
a  network  to  a  tangled  thread  which  gradually  shortens  and 
thickens  and  breaks  up  into  a  number  of  rods  called  chromo- 
somes. The  nuclear  membrane  disappears  about  this  time. 
Then  appear  a  number  of  delicate  fibrils,  arranged  in  the 
form  of  a  spindle,  and  the  chromosomes  arrange  them- 
selves along    the   equator   of   the   spindle.      They    arc 


fhft^??el^S'£rerw^^^^^^  Po?--.  and  soon 

they  reach  the  poles  thereradu?IIv  '^^'  'P'""^'^-     ^' 

again  to  form  the  chromaHn  n«  •  ^  °"eate  and  fuse  so  as 
A  wall  begins  to  form  bePv.^  ST-  ''^^  "'^  ""'^'^*- 
daughter-cells  take  f"  ,K^  ^^.^^  «""^'^'',^"^  «oon  two 
(Fig-  23).  -  "^^  '■■  the  ongmal  mother-cell. 


"•K-.   :■'•■!. -l.lA.UiAAI  OF  STAGES  I.N    vrci  p.'.p    ,  , 
1  — The  resting  cell-   "—Th       i        ''""''■ 

B-Kaoh  h'lfTh'Jf""^''    -''.iit's'^k.„K    aval's  "'tiVl"    ^^''ovhJr^iJ^l': 
7— T    p  h.iV  ;^    °'"''''°"l«^  moves  towVriV^  H,  /"'''•''P''ase    -staKe 

(b)     Number  of  Chromosomes 

r^^^^'S^nl^lr^^ITSi^.  rnd'nVT  ^  ^«  ^««  -^ 
always  constant  for  the  same™?ilnkl^^u '••  l^V^^^^  ^'^ 
many  that  the  chromoLmS  a?eSTth.  ^  ''  ^f'^""^^  by 
the  bearers,  of  hereditary  cS/fSLo  ^'^^u^P'^"^^'"^' or 
persistent  organs  of  the  nVcfe^nrt"errrd^ 
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appear  in  the  same  number.    No  other  portion  of  the  cell  is 
apparently  transmitted  from  generation  to  generation. 

Number  of  Diploid  or  2N 
PLANTS.                                             Chromosomes. 

Canna  indica 6 

Crepis  6 

Chrysanthemum 90 

Lilium  ma.':-:gon 24 

Drosera  sp.  (Sundew)  20 

Drosera  sp 40 

Onion 16 

Oenothera  gigas 28 

"     scintillans 15 

"     lata    15 

"     biennis 14 

"     lamarckiana 14 

Pisum  sativum  (Garden  Pea  14 

Triticum  sativum  (Wheat) 16 

Rye 16 

Tomato 24 

Four  O'clock 32 

Corn  (Zea  maidis) 40 

Tobacco 48 

Cotton 56 

Gymnosperms 12 

Nightshade 72 

ANIMALS. 

Honey  bee  (male)  16 

Houey  bee  (female) 32 

Drosophila  ampelophila  8 

Mouse  40 

Salamander 24 

Trout 24 

Sagitta 18 

Ox 16 

Guinea  pig  16 

Man 48.  47 

Grasshopper  12 

Artemia 168 

Ascaris 4 

Leptinotarsa  (Potato  Beetle)  36 

Snail  {Helix  hortensis)  44 

Abraxas 56 

Anasa  tristis  (Squash  Bug) 22,  21 

M',2 


Horse 

Rabbit        38,  36 

Cat 42.  28-36, 

Hog .  ,  36 

Fowl 20,  18 

Rana  catesbiana  (Froe) i^'  ^^ 

Nemaius  ribesii  (Currant  saw  fly)  ^l 

Cricket  (G.  domesiicus)  'H 

Gypsy  Moth  21 

Eristalis  tenax  -^ ' 

Pyrrhocorts  apterus  ^4 

Acudtum  granulatus  7^ 

r'rotenor  beljragei  ''* 

Lygaeus  bicrucis  ^^,  \'A 

Oncopeltus  fasciatus M 

Cicada U> 

Tt  ic  X.  ^^^^-^aturation  and  Reduction 

fore,  that  th^e  must^^Jl^^eXS?^^^^^^  It  is  clear.  tC- 
mosornes  prior  to  f  -riltS?.  of  th  ^  ""'"''^'"  ^^  <^hro- 
else  the  number  ^  TySe  wnniH^!?'^E!  '°  °»e-half. 
generation.    This  .  1^  h     ^^"Id  double  with  each 

^^  It  is  now'generaily-agreed'?hlt'th^  ^i^^^bserved! 
number  of  chromosomes  in  tSh.Vhiri^  reduction  in  the 
ast  two-cell divisionsby  which  t hf  h// "r^'' ^^'^^''^ in  the 
that  IS,  when  the  ovarfanSe  ±l"'^'^^''"^-""«a"se; 
ovum  and  two  cr  three  pola?hodtf^'^"'^  ^°  the  mature 

pves^rllr?.Srand  ^Sfe^/Sr^J!^  f-^-I  cell 
forms  sporogenous  or  grand-Zthfr  n!i     ^^e  latter  soon 
When  the  mother-cell  r    ides  tT/nrmr"'  ^^  ^^^  spo^es. 
ber  of  chromosomes  is    a Ived     fhS  nZhP"'"''  '^^  ""»"- 
<')-The  recent  «tudie«  of  M^  ^    ^  ^'' ""'"^er  remams  con- 

133 


22 


m 


Mm 

1:^1 


II 


slant  through  the  sexual  or  gametophyte  stage,  which  is 
also  called  the  x  generation.  When  fertilization  occurs 
each  gamete  contributes  its  quota  of  chromosomes,  thus 
producing  the  2x  generation. 

In  the  case  of  ferns,  the  spores  germinate  and  give  rise 
to  prothallia;  on  the  prothallia  develop  the  gametes— male 
and  female— still  with  the  reduced  number  of  chromosomes. 

By  fertilization  or  fusion  of  the  gametes  a  zygote  is  pro- 
duced with  the  normal  number  of  chromosomes.  In  flower- 
ing plants  the  gametophyte  stage  is  much  further  re- 
duced. 

The  formation  of  the  sex  cells,  sperms  or  eggs,  in  the 
higher  animals  may  be  represented  by  the  following  dia- 
grams: 


Fn;.  21. 
Of  nesis  Polar  Bodies  and  Reduction;  .\— tSrandmother 
eKgr-oelt  of  Ascarls  with  four  cliromosomes;  B — Fully  devel- 
oped egg  mother-cell  with  eiRht  chromosomes,  the  result 
first  of  fusion  in  pairs  to  form  two  bivalent  chromosomes, 
then  the  formation  of  tetrads;  C  -Oocyte  with  four  chromo- 
somes, and  formation  of  first  polar  body  (I'bi)  with  four 
chromosomes,  which  .soon  divides  into  two  polar  bodies  with 
two  chromosomes  each;  P — Formation  of  second  polar  body 
(Pb2).  The  nucleus  of  the  new  mature  ovum  has  two  chro- 
mosomes.     (After    Hertwig). 


KIC.    •'">. 
Spermatofteneais     and     Ke<luction:     A — (Jrandraother     sperm- 
cell  of  Ascaris  with  four  chromosomes;  Bi.  sperm  mother-cell 
with  eight  chromosomes,  the  result  first  of  fusion  in  pairs  to 
form    two   bivalent    chromosomes,    then    the    formation    of    tet- 
rads-   n     two    spermatocytes     ea<'h    with    four    chromosomes; 
Di,    four   spermatozoa    formed '  each    with    two    chromosomes. 
(After  Hertwig). 
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In  Fig.  27  earh  nf  tu 
contains  two  pairs  of  rhr«     '^^'"aUc  and  primary  srv  ppMc 
maternal).     A?  ^y^sisThelT'  '^^°  P^'S  und 'two 
and  later  form  two  teS«T    iu^^  '"  P^irs  (Fig    27    2i 

ct^S  ^^^  germ-celfste   ormeVThf  ^^^  ^^"  ^' '^-^ 
Chromosomes  can  take  place  in  tw!?'  ^'^^  reparation  of  the 

When  three  nairc  r.f  ^u 
'  omatic  and  primary  sex  ceife°'T^'  ^'^  P^-^^ent  in  the 
same  manner  that  there  will  he  th"  ^/^^diiy  shown  n  thl 
synapsis,  and  that  in  thp^«L     ^u^^^  '^^rads  formed  aftPr 

Exercise. — Ma k-p  a  ri,,. 
tion  of  the  chromotomes  K?  f""  '""^^''^te  the  distribu- 
when  the  somatic  anH  J,"  ^^  formation  of  the  sex  rSVc 
pairs  of  chromosomes     ^'"'"^'"^  ^^^-^ells  contain  three 

the  soml^lSf  [h^^^  are  early  set  apart  from 

in  number  and  size      In  ihl     ^.'"^  ^^^ote  rapidly  increaJ^ 
've  divisions  of  the  spermat^rf."''^"^i^  stage  two    ucSst- 

eZ  "i^n  T'''  ^'  S  'hi  ?e"x'ceKr  ^^'^"'""^ 
cs^s.     in  the  case  of  the  ^npr^^or  ''^^^  ceils,  the  sperms  or 

equal  and  four  sperm-cdls^e7or^.^^^f  '^^  division?  a?e 
the  divisions  are  unequal  wifh  J    "3f^'  "^"t  in  the  oocytes 
^"iP^'-fect  egg  is  fSmed  fhe  otfer  thrP^£?^^^^  ^^^  b" 
as  Polar  bodies.     (See  Figs.  6  and  24 )^^  ^'"^  thrown  off 
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FiK.  2fi. — KluKniin  to  «how  the  phases  of  Keduotloii 
and  the  (Mstrlbiitioii  of  tlie  i-hromosonu-H  in  the 
Kiitnetes.  1,  si)eriniiloKOiii  iiin  with  two  clironiosomes 
(one  i)iilerii..l  ami  one  nmlernal);  1.'.  synapsis:  'A.  for- 
mation of  tetrad;    I,  si)erniutOL-ytes:  u.   spermatozoa. 


to 


(\t'-'" 


FiE  27  — PlaKram  to  show  the  phases  of  Re- 
duction and  the  distribution  of  ohromosomes  in 
the  jjametes.  1.  sperma tiRonium  with  4  chromo- 
somes (two  paternal  and  two  maternal*;  2,  syn- 
apsis; 3,  formation  of  two  tetrads;  .4  sperma- 
tocytes;  5,   spermatozoa. 

i;'.6 


ing  into  a  new  daug&ceTl  Ind  th Jnf S  °"'  "^T^^'  P^^^" 
into  the  other  dauihtef-cell'.  ''^'  "'^"'^^''  P^'^^'"^ 

(d)— The  Chromosome  Theory  of  Heredity 

mech'aS o"  Kt"v  fed "i'fh'^HT"?  ^H^'^  ^^  ^^e 
somes.  "ereaiiy,  based  on  the  behavior  of  chromo- 

somef  obtained'  from  thf  il'rm' 'nT  '"°  ^^^^  °^  ^^^-"^- 
fertilization  These^re  knn^n  ^??  ''''"'"  respectively  at 
nal  chromLmes  and  thev^et nfn^'jh  '^^'''■"^'  ^"^  P^^er- 
uality  in  evS-v  rpll  nf  ?ho    ^  retam  their  separate  individ- 

terna^  chSsomes  mav  ^^^^  'T'  '^^P'^'  ^>  '"^- 
Physica,  characteTf/ticTto^  ftriU^g^XlSLf '^^^"^ 

sake  onmDlidtv''T.^  "^^^^'^"^  If^'^"  28).  where,  for  the 
chromosome?  S;^^^^^^^^  h-eeach  two 

law  •■  (Coulter)  ^''^'^'  ^^^  ''^^'^  ^^  Mendel's 

would-be  eiehrnolS  three  pairs  of  chromosomes  there 

er  has  all  the  chromosomes  bearing  the  factor  tall  (T),the 
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latter  the  chromosomes  with  the  factor  dwarf  (D),  The 
cells  of  the  hybrid  F„  will  carry  a  pair  of  chromosomes.  T 
and  D.  In  the  maturation  of  the  Rametes  of  F,  the  chro- 
mosomes are  reduced  to  one-half,  and  at  reduction  the  fac- 
tors will  get  into  separate  cells,  thus  giving  two  kinds  of 
gametes.  As  each  sex  has  two  kinds  of  gametes,  the  possi- 
ble number  of  combinations  of  zygotes  will  Ije  four,  viz.. 
TT,  TD,  DT,  DD,  which  agrees  with  Mendelian  segrega- 
tion. 

Thus  it  will  be  seen  that  both  the  chromosomes  and  the 
factors  undergo  hOgregation. 

A  later  extension  of  the  theory  assumes  that  all  the 
factors  carried  by  the  same  chromosome  remain  together  in 
segregation.  In  other  words,  linkage  of  factors  in  segrega- 
tion should  be  expected.     (See  page  lOU). 

In  the  crossing  of  yellow— tall  peas  with  green-dwarf 
peas,  the  chromosome  theory  explains  the  results  as  follows: 
The  yellow-tall  plants  have  sex-cells  with  the  factors  for 
tall  (T)  and  yellow  (Y)  in  separate  chromosomes,  and  the 
green-dwarf  plants  factors  for  green  iG)  and  dwarf  (D)  in 
separate  chromosomes,  but  the  yellow  and  green  chromo- 
somes are  homologous;  similarly  the  tall  and  dwarf  chromo- 
soes  are  homologous. 

The  cells  of  the  hybrid  of  F,  will  have  the  chromosome 
constitution  YGTD,  the  factors  or  determiners  Y  and  G 
lying  in  identical  positions  in  the  one  pair  of  homologous 
chromosomes,  and  the  factors  T  and  D  in  identical  positions 
m  the  other  pair  of  homologous  chromosomes.  All  the  other 
pairs  of  chromosomes  carry  the  same  set  of  factors. 

In  the  maturation  of  the  gametes  of  F„  when  the  num- 
ber of  chromosomes  is  reduced  by  one-half,  two  types  of 
division  occur,  viz..  germ-cells  containing  the  Y  T  and  G  D 
chromosomes,  or  YD  and  GT  chromosomes.  Hence  there 
will  i,'^  four  kinds  of  gametes,-  YT,  YD,  GT,  JD. 

For  'f  the  chromosomes  are  represented  by  YT  and 
GD.  the  paternal  being  YT  and  the  maternal  bv  GD.  then 
in  syrwpsts  only  Y  and  G  can  pair  together,  likewise  T  an 
J  J.  1  he  hrst  pair,  however,  operates  independently  of  the 
second,  so  that  at  reduction  either  member  of  the  first  pair 
may  get  into  a  cell  with  either  member  of  the  second  pair. 
Gonser     fitly  the  following  divisions  might  occur  • 

Yi     YD 

GD    GT 


n$ 


as  each  sex  wS  havPtJic  ^'^  ^V^^J"^  chromosomes:  and 
sible  numberof  comhfnnfe  ^°"^,i'"ds  oj  gametes  the  pos- 

(e)-Structure  of  Chromosomes 

of  chromatin'eTmms'  '^IStlfn  '"  "^  '  ""^i^  ^^^''^■^'- 
at  every  cell  divS Vnl  1  *''''"'''"^!^*'  ^"^  '»  reformed 
probable  That  thPr.ui'^"'"  ^'^^  ^^^  chromomeres.     It  is 

?h7cmoUef  meet  h  Tr'^sJ^^^  ^""^^  °i  P^^^"^^' 

when  the  chromoSmes  eS"'^'Xfo?eovlr\t  'T'^'' 
meres  m  a  chromosome  arSrent  each  havii.  .  J'fi"?P* 
place  or  locus.     It  is  believed  aknS.t^*?^^^^^ 
represent  Mendelian  factors  or  genes        '*""  chromomeres 

mosome.     The  hentahl^  fo^Vil  ^        siructiire  of  the  chro- 


(f)- 


-Changes  in  Chromosomes 
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stock."     Seme  investigators  believe  that  many  of  DeVries ' 
Oenothera  mutations  arose  by  such  a  process. 

Moreover,  genes  may  not  be  immutable.  As  they  are 
complex  bodies  they  are  liable  to  undergo  changes  "due 
either  to  the  loss  or  addition  of  certain  constituent  atoms  of 
molecules,  or  to  the  rearrangement  of  some  of  these." 

The  work  of  Morgan  and  his  co-workers  on  eye-color  in 
Drosophila  would  seem  to  bear  out  this  suggestion.  "The 
gene  for  the  normal  red-eye  color  may  change  so  as  to  give 
rise  to  blood,  cherry,  eosin,  buff,  tinged  or  white  eyes.  Genes 
or  allelomorphs  that  mutate  in  various  directions  give  rise 
to  what  are  known  as  multiple  allelomorphs;  hypothetically 
these  may  be  explained  as  due  to  different  changes,  proba- 
bly of  a  chemical  nature,  in  a  particular  gene"     (Conklin). 

The  Individual  Persistence  oj  Chromosomes.  The 
Chromosome  Theory  of  Heredity  takes  for  granted  that  in 
all  the  successive  nuclear  divisions  the  individual  chromo- 
somes maintain  their  identity. 

Several  investigators,  including  Boveri,  Sutton  and 
Morgan,  have  discussed  evidence  that  the  chromosomes 
that  appear  at  the  beginning  of  nuclear  division  are  identi- 
cal with  the  daughter-chromosomes  of  the  preceding  divi- 
sion, and  that  each  of  the  chromosomes  plays  its  part  in  the 
making  of  the  cganism.  Frequently  each  may  be  re- 
cognized by  its  si  Li >>  and  size.  Boveri's  experiments  with 
the  fert.lized  tgg  ?iis  of  a  sea  -urchin  where  he  removed 
the  nucleus  of  the  egg-cell  and  a  complete  embryo  was  pro- 
duced, showed  that  the  set  of  chromosomes  of  one  parent 
alone  were  sufficient  for  the  development  of  a  normal  indi- 
vidual. This  same  investigator,  howev^^r,  found  that 
if  one  chromosome  was  wanting  from  either  the  paternal  or 
maternal  set  normal  development  would  not  take  place . 

Although  the  chromosomes  usually  disappear  after 
division  during  the  resting  stage,  in  a  number  of  cases  they 
have  been  traced  through  the  resting  stage  until  their  emer- 
gence at  the  next  division.  Wenrich  has  shown  in  Phry- 
notettix  that  the  separate  chromosomes  by  absorbing  fluid 
from  the  cytoplasm  form  vesicles  and  unite  to  form 
the  daughter  nucleus.  By  the  disappearance  of  the 
partition  walls  a  single  nucleus  vesicle  is  formed,  but 
under  favorable  conditions  each  chromosomal  vesicle  can  be 
seen  to  persist  through  the  resting  stage  and  at  the  next 
mitosis  the  chromatic  granules  in  each  vesicle  form  a  chro- 
mosome like  the  one  from  which  that  vesicle  arose. 
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results  or  Hex".,,    'fui^;;''!' ""^    """^"''•• 
.l.ron.oHome.  .lomlMMIn^.      (AftTr  PouN 


Summary 

That  the  Kerm  nuclei 

^^— >^  '     .   r»-       2''^  ^*^®  bearers  of  the 

f       \  \lV  heredity  qualities  seems 

(  AA    1  y^^^""'^  to  be  borne  out  by 

V-^'^^/'TrV'''^  (Tk\^  y^)  the  phenomenon 

occurinR    in    cell- 
division; 

(2)  the  phenomenon 
occuring  in  matur- 
ation; 

(3)  the  phenomenon 
of  fertilization; 

(4)  the  results  of 
breeding  experi- 
ments; and 

(5)  the  experiments 
of  Boveri  with  nu- 
cleated and  non- 
nucleated  sea-ur- 
chin   egRs.      He 

c"ould'i:'r  'IT'^'I  «^  unfertiUzedTelur'Jhinra 
dwarf  te,f'ni'''''f,  ''"^  ^"^h  fragments  develop  inio 
nucleated  fraZl'f  ^^r"  ^^^i":  Boveri  fertilised  the 
nucieatea fragments  of  sea-urch  n  ova  with  soerms 
from  another  species,  and  obtained  in  a  few  cases  Sf 

ondud^H 'fh^  '^r^\  P^V^'-"^'  characters  on  y      He 

for"ixamplef ''''''"'•  ^°^'''''''  '■""'^•"  ^*^  ^^  explained:- 
( I )    Loeb's  experiments  with  unfertilized  sea-urchin's  egus 

ed  se^urfh  n  '°  P'"?"^?  "°^"^^'  '^^^'*  f'-°'"  unferUlS: 
ed  sea-urchin  eggs  by  immers  ng  them  in  a  mixture 
composed  of  oO' ;  io-8n.  MgCl.  and  m;  of  sea  water 
nrS-'  experiments  vvith  non-nucleated  ova  of  sea- 
urchins      Delage  developed  normal  larvae  from  non 
rmdeated  sea-urchin  eggs  by  fertilizing  them  wit"h 

(g)— Heredity  of  Sex 

rr^.J^^^^  progress  has  been  made  in  unravelling  the  ele- 
mentary mechanism  of  sex  distribution  both  by  cytologfcal 


( 


studies  of  Mendelian 


studies  of  the  chromoHomes  and  by 
inheritance. 

The  X  or  Sex  Chromosome.     I n  the  shidy  of  sexual  cells 
of  certain  insects  by  HenkinR.  McClunR.  Stevens.  Wilson 
and  others  it  was  observed  that  all  the  eggs  and  half  of  the 
sperms  contained  an  X  or  accessory  chromosome.     It  was 
observed  also  that  when  an  ?««  was  fertilized  by  a  sperm 
contammK  the  X  chromosome,  a  female  was  producedT  but 
when  an  egg  was  fertilized  by  a  sperm  without  the  X  chro- 
mosome, a  male  was  produced.    The  female  contained, 
therefore,  two  X  chromosomes  and  the  male  only  one. 
However,  other  observers  have  noted  in  some  of  the  sperm - 
cells  of  certain  insects,  many  mammals  and  certain  plants 
the  presence  of  the  X  chromosome,  and  in  others  a  differ- 
ently shaped  chromosome  which  has  been  called  the  Y 
chroniosome.    The  Y  chromosome,  however,  does  not  carry 
any  of  the  factors  located  in  the  X  chromosome,  and  "does 
not  appear  to  have  any  effect  upon  the  development  of  the 
body  characters,  so  that  the  male  depends  upon  a  «ingle  X 
chromosome  for  the  development  of  those  characters  deter- 
mmed  by  the  factors  borne  by  this  chromosome.    The  \' 
chromosome  may.  therefore  be  regarded  as  a  neutral  mate 
for  the  X  chromosome  of  the  male"  (Babcock  and  Clau- 
sen).   Morgan  has  called  this  the  XY  type  of  inheritance' 
(See  also  pages  !  11-112). 

On  the  other  hand,  Doncaster  and  Raynor  and  others 
have  observed  that  in  Abraxas  (English  Currant  Moth) 
chickens,  ducks  and  Cc'naries.  all  the  sperms  and  half  the  esgs 
contam  an  accessory  chromosome  (called  W  to  distmguish 
It  from  the  accessory  X  chromosome  of  the  XY  type)  and 
that  the  fertilized  egg  or  zygote  containing  the  2  W  chromo- 
somes IS  a  male,  and  the  zygote  with  the  IW  chromosome  is 
a  lemale.  In  some  cases  again,  there  appear  to  be  evid- 
ences of  a  chromosome  (called  the  Z  chromosome)  in  some 
females,  which  may  also  be  regarded  as  a  neutral  mate  for 
the  W  chromosome  of  the  female.  Morgan  calls  this  the 
WZ  type  of  inheritance.  (See  also  pages  115-11  (i). 

The  two  types  of  sex  inheritance,  discussed  above  and 
in  chapter  15.  are  therefore,  (l)  one  where  the  female  is 
homogametic  with  two  X  chromosomes,  or,  in  Mendelian 
terms  homozygous  for  the  sex  factor,  and  the  male  hetero- 
gametic  and  heterozygous:  and  (2)  one  where  the  male  i« 
homogametic  and  homozygous,  and  the  female  hetero- 
gametic  and  heterozygous. 


of^'iriMeot^x  °'  '"'icltance  occur-  in  all  mammals  and  in  a 


number 
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Equality  of  Sexes. 

cate  thif'i'h"'''v\°"  ^<^x-Hnked  inheritance  seem  to  indi 

Sbli?o^n\&^sext^^^^^ 

tion  occurs  the  chancS  aVi-  \h^     ^^^^^  "^^f  ^"  fertiliza 

number  of  mXuT.?.7«r      ^^^  ^"^^  approximate  y  an  equal 

f />5/  type. 

O  -  eKK  cell  with  X  chromosome 

f  ^  .'n^r"^  "i}  '^''^}}  ^"  '"^  chromosome 

8   -  sperm  cell  v^'.thout  the  X  chromosome     • 

zygote  with  \^  chromosomes  (male). 
•*  -  male  Kametes 


Female 
(tameles 


|() 


A 


<0         A 


'M  and  2a.  an  equal  numtxT  (.f 
males  and  females. 


Second  Type. 

O   ^  CKR  ceil  with  a  W  chromosome 

"   =  can.  cell  with  a  Z  chromosome 

^  =  sperm  cell  with  a  W  chromosome 

A    =  /.ymv  with  2  W  chromosomes  (male) 

a   =  Zygote  with  WZ  chromosomes  (f"male. 

^  «    male  gametes 


Female 
Gametes 


lO 


=   j\  and  L'a.  an  equal  number  of 
lemales  and  males. 


in  chapter  ^^Icid  sinnor,  ?.^7J^'^'  ""^''^^y  Presented 
Discuss  influence  of  lethal  factors. 

.mg    the   phys,oloB,cal    conditions.     ManTphysioToBtos 


claim  that  the  determiners"  may  not  be  confined  to  the 
chromosomes,  and  that  certain  enzymes  or  the  known  chemi- 
cal specificity  of  the  proteins  and  carbohydrates  of  the 
cytoplasm  may  possiblv  function  as  carriers  or  determiners. 
Moreover,  no  chemical  differences  can  yet  be  detected  be- 
tween chromosomes  carrying  markedly  different  factors. 

Parthenogenesis.—Some  animals  and  plants  are  able  to 
produce  successive  generations  without  fertilization  of  the 
egg  cell.  This  phenomenon  is  called  parthenogenesis,  and 
is  a  common  method  of  reproduction  among  plant-lice  and 
gall-wasps.  It  also  occurs  in  the  dandelion  and  the  hawk- 
weed. 

Parthenogenesis  may  be  looked  upon  as  a  reversion  by 
the  sexual  producing  animals  and  plants  to  an  asexual  power 
possessed  by  their  ancestors. 

In  parthenogenetic  individuals  the  chromosomes  of  the 
egg  are  not  reduced  m  maturation,  consequently  the  off- 
spring has  the  same  number  of  chromosomes  as  the  parent 
It  is  well  known  that  in  the  case  of  bees,  wasps  and  ants  the 
unlertilized  eggs  of  the  queen  produce  drones  or  males,  and 
the  fertilized  eggs,  females.  "  In  all  known  cases  of  parthen- 
ogenesis the  female  is  in  the  duplex  condition  and  the  male 
IS  in  the  simplex,  or  partially  duplex,  condition.  The  fe- 
male in  all  cases  has  the  greater  chromatin  content."  (Cas- 

Several  experimenters  have  been  able  to  cause  the  un- 
lertihzed  egg  to  develop  artificially  by  some  physical  change 
or  trom  the  action  of  chemical  substances,      --.age  141). 

(h)— The  Control  of  Sex 

For  ages  breeders  have  looked  for  a  method  of  con- 
ir  J}^v^^K  ^^^^^  ^^<^^"t  studies  seem  to  point  to  the 
Mendehan  character  of  sex.  the  predetermination  of  sex  still 
eludes  the  investigator.  Many  theories  have  been  ad- 
tt^n  "^°^^  ^^^^  ^^^"  discredited  on  rigid  examina- 

follow -^  "^ore   important   theories   may  be   grouped  as 

'■  Those  involving  purely  internal  and  organic  factors- 
(a)  Ihe  predominance  of  one  parent  over  the  other 
with  reference  to  vigor  and  age.  But  opinions  dif- 
fer here  as  to  the  expected  sex  of  the  offspring, 
borne  cattle  breeders  maintain  that.the  young  bulls 
beget  a  majority  of  males  and  the  old  bulls  a  ma- 
jority of  females.    Some  breeders  believe  that  sex 

144 


(b) 
(c) 


IS  dependent  on  the  age  of  the  ovum  at  conception; 
m  other  words,  when  conception  occurs  early  in 
heat  most  of  the  calves  are  heifers;  late  in  heat 
bulls.  Other  breeders  a:  e  of  the  opinion  that  sex 
IS  dependent  on  the  age  of  the  spermatozoa,  fresh 
spe-  matozoa  producing  females. 

The  changes  occurring  during  maturation  of  the 
egg.  (Seepage  133). 

The  influence  of  the  nervous  system. 


2. 


Those  involving  purely  external  factors: 

(a)  The  influence  of  nutrition,  as  in  the  case  of  plant- 
lice,  queen  bees,  and  tadpoles. 

(b)  The  influence  of  temperature,  moisture,  seasons. 

3.  Those  involving  the  existence  of  two  special  groups  of 

chromosomes  following  Mendel's  Law  of  Hereditv 
(page  81).  ' 

This  is  the  view  most  commonly  held  by  geneticists. 

4.  Those  involving  the  influence  of  various  factors  and 

It  IS  probable  that  several  of  the  factors  mentioned 
above  may  be  concerned.  It  is  possible,  for  ex- 
ample, that  "environmental  changes  may  slightly 
disturb  the  regular  working  out  of  the  two  possible 
Combinations  that  give  male  or  female.  Such  dis- 
turbances may  effect  the  sex  ratio  but  have 
nothing  to  do  with  sex  determination"  (Castle). 

Some  recent  experiments  suggest,  however,  that  sex- 
ratio  can  be  influenced  to  some  extent  by  selection.  Miss 
Helen  D.  King  s  investigations  with  albino  rats  brought 
put  the  interesting  fact  that  by  selecting  0)  a  pair  from 
litters  that  showed  the  highest  proportion  of  females,  and 
(2)  a  pair  from  litters  showing  the  highest  proportion  of 
males  the  sex  ratio  can  be  changed.  Selection  was  caried 
on  m  the  two  strains  for  about  25  generations.  As  a  re«ult 
the  proportion  of  females  to  males  in  the  inbred  female- 
producing  strain  was  100  to  82,0.  and  that  in  the  in-bred 
gJ^^^^-P^oducmg  strain  was  100  to  117.     (See  Journ,  Exp. 

While  no  breeding  experiments  have  been  carried  on 
with  cattle  with  the  direct  object  of  producing  female-pro- 
ducing strains,  many  cases  occur  where  bulls  get  more  fe- 
male than  male  calves. 
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deterlYnSlr  of  sel""  OrdiniT£ ''"*«  ^"  '^^  '"-"er  of 
unlike  both  as  to  Sxand  to  S  ^""»fn.twins  are  often 
brother  and  sister  F^rhJ^  physical  traits  like  ordinary 
and  hasltsowi  fetal  me^^^^^^^^  ^n^^P^^i^e  ovum 

that  external  factor!  sTnce  thiS'  wire  ahke'^'lSH '^"'^^r ' 
ence  in  determining  the  sex  '  ^^^  "°  '"fl"" 

•ovum  for  they  are  enSedln  th.^^^^T^^^^^^'-omone 
At  a  very  earlv  deav^ip  ?h«^  .^  k^""^  ^^^^^  membrane, 
each  de7eS  V'coTpfete  fn?rv?d^^^^ 

sumably  determined  in  the  fertil^ed  ovnl  I 'f'^''  "^^^  P'"^" 
tion.  leriinzea  ovum  before  separa- 

The  Free  Martin. 

when'^twins  of  dfSn^'Ilxetrr7n?o^?'"  "h  '°."^.^*'"^  ^^at 
free-martin,  is  usSy  sterU?  Prnf^i^u-^^^  ^^^^^^'  ^^e 
phenomenon  to  the  action  of  Vhil  *  ^-  ^^"^^  attributes  the 
es  which  have  a  constam "nte  chan^^^^^^^  '^^  *^°  ^^t"«- 

the  development  of  wrdearSSlnH.  ^'"^  °"  ^^^°""t  of 

thereproduc.ive^^S^'„rhe1erJ^tst;^5ruS,:S 
Chapter  17  — IN-BREEDING 

(Consult  l„.breedmg  and  Out-breec.ng  by  East  and  Jones) 

ers  ^iZ}^e!ilt^S'{^!S^,^^^  f-ng  breed- 

closely  related  members  of  a  famfly!        ''  °^  '^^  "'^""^  °^ 

single^t;''o7&n?"  a'J^^^^  "^f  ^"/  ^^  ^"^^^^duals  to  a 
such  as  whea  .oats  etc  a1id  mlin?Lln'.'  "?^"^  ^elf-fertilize. 
Darwin's  experiments  with  D?n.vr.^  ^'^°''?"'  existence, 
lettuce.  bucKat  anrSetrSe  Da?e?^4^^^^^^  '^^^^^^ 
show,  however,  that  self-fertiH7^ffnn^f^  !»  '7"^^^  ^^nt  to 
off-spring  and  crossingli  ^dd  vSr^ffiiH?y"^^^^^  ^^^ 

isalJa?s'Jet^rnSf7o1kcT^^^^^^^^^^ 

been  produced  by  matinS  of  pnimL7"     ^^^w  winners  have 

than  half-cousins^TSn^^7/j;iX.'"°''^  ^^°^^^>^  ^-^'^'ed 
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.  Among  higher  animals,  however,  it  is  imnossihlp  tn 
fertillfn^ni  '^  '^°^  fertilization  as  that  S:cSS  in'sel? 
fertihzms:  plants,  as  none  are  hermaphrodite. 

'    .1,0,  ^endelism  throws  light  on  the  question.      It  shows 

grea\V"a?I'mm?»i"  ''^"'^  ''t,"^^  neceSarilyTnjurious,  bu 
fhli.  I  ^^^^  H  exercised  to  prevent  injury.  It  is  clear 
that  as  organisms  become  more  closely  relatS  they  tend  fo 
become  homozygous,  and  many  become  practfcanv  so 
through  long  in-breeding.  Their  charaTterrexisf  in  th2 
duplex  or  double-dose  condition  as  in  pSe  Lines  If  the 
essential  characters  in  both  parents  are  strong  and  without 

or  fix  nfo'f  f  h''"^'  °^  in-breeding  will  be  thelt?engSnh?g 
or  lixing  of  these  same  characters.     The  duplex  dose  of  de 

&S  "^  tE^°P'  prepotency  in  all  charters  gS)d  and 
and  firtflitv  wTh'^rPS''^^"^  characters  relate  to  vigor 
fn  L  •^'     ■    h^,^  breeder  must  see  to  it  that  these  are 

in  no  way  impaired  by  in-breeding. 

While  undoubted  evidences  of  prepotency,  or  the  suoer- 
lor  power  of  some  animals  of  impressing  characters  on  tKir 
oflfsprmg  are  quite  abundam,  a  full  analysis  of  the  factor 
eJer^'tha'^t  ?hp  T'^^  been  made.  It  is  probablp  how- 
suSested  .hnvf  ^'^''i  .T"  ^  ^'°"S  Mendelian  lines,  as 
suggested  above,    and  that  prepotency  results  from  Vn 

auced.  (2)  assortaim  mating— vfhere  ike  mates  with  like  in 
regard  to  certain  characters;  (3)  the  change  presence  of  a 

SL^'^h'  "-^  ''^'"^■"''"'  '^^''^  i"  0"e  indfvidLal-  (4)  sex 
«,^r^f  ^"d  crossing  over;  (.'>)  the  action  of  multiple  aUeh- 

concerned'  ^'^  '^'""'^°"'  '"^  interrelations  of  the  factors 

If,  however,  some  of  the  essential  characters  are  weak 
wea^'L?sTn??ns^red^^^^^^^^  ^^  ^"'^^^-^  -»  ^"wTlfi^ 

race-horse  is  more  nervous  and  n^ore  delicate  of  constitu 
ion  than  the  draft-horse,  but  in-breeding  did  not  p?oduce 
these  apparently  undesirable  qualities     The  oualhv  nf 
nervousness  has  been  selected  a's  essential  to  a  ^c^d  Lei 

f^,f  r"  "^^«^^  ^^^'■^  ^'■^  vigorous  self-fertilizing  and  cross- 
fertihzing  flowering  plams,  but  the  latter  preSeratl: 
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thlo^t   *^^®5®  ^  possesses  but  also  accordimr  to  whether 
leiies       (East.  Bui.  243.  U.S.  Bureau  of  Plant  Industry) 

^^^5?'i?'"?""2"'  ■"<"■"=  ^"<'  ">ore  hSygouT    Make  I 
noteJ^VSKtr^'nT'  """'"'^^  "ne-br^ding  in   a 


Hiawatha 
IV 


Lodeski         ^ 


Hiawatha 
HI 


Alda. 


Elva. 


Halo. 


Hiawatha 
H 


Selina.  .  . 

Hiawatha 
Luda 

(  Hiawatha 

i         " 
(  Selina 

Hiawatha 

Bossie. 


Hiawatha 
Jada 

Hiawatha 
Rodie 


_,  .  niawama 

^^'^y-    •     I  „     .  (Hiawatha 

I  Notie 

(from  Journal  of  Heredity) 

14S 


Shonhorns&  '^'''  '^^""'''^'^^  line-breeding  in  a  noted 


Young  Phoemx 


f  Phoenix  | 

I  Foljambe 


Favourite 


r  Phoenix 


Foljamhe 


Comet    j 


Favourite 


I  Ballingbroke  ] 

I  Foljambe 
Phoenix  J 

I  Foljambe 


Ballingbroke  | 

(  Foljambe 

Shorfhornr  '"  ""  '"'""'""  °'  '"'  Bates-Duchess  line  of 

nl'J^l  fi^^y-nine  generations  without  any  apparlnreffeS 

h?.ri^^'M^^^  ''■'^^'  ^'  th^  fecundity.     NeveXfess  when 

nr^?'f  ^"^  ^"^^  •"^^''^^  ^^'■a'ns  the  o/spring  were  suiSrior  ^n 

Fw"c'i^T^?'  ^°  ^^^^^'^  ^"b'-ed  strain  (Compare  ?hull  & 
East  s  Experiments  with  Corn,  page  78)   ^     "'^'^^^  ^"""  ^ 

metabohc  activity"  (Castle,  Heredity.)       ''™""^^  greater 

thp  J!o/^'^'^°'?  ^?  man  most  countries  have  laws  preventing 
the  marriage  of  close  relatives,  but  in  others  notahlv  p>V,«? 
and  Abyssinia,  the  custom  liermitted  of  cios?in£^^^^ 
lages.    Some  recent  studies  go  to  show  that  in  cmainTom- 

]4!> 


'1  ' 


^^^^^^^e^^^^^^  the  fS 

Heredft/hrb^4^mmze^^^^^  °f  Ancestral 

the  number  of  times  that  the  sime  anim.i^  ^^'''"''  ?^  the 
pedigree.  Pearl  has  coined  the  t?rm^"r«^U^^P^^''^,'"  the 
dity"  as  a  precise  mpa«i.r«  ^f  •  term  Co-efficient  of  Here- 
Agric.  Exp^  S 'S'S^ir^  Thif^.n'^"^  ^^""-  215  Maine 
relation  between  the  maxinmnf  ;,nH^?,,"^"^  expresses  the 
diflferent  ancestors  ?hTfoSa  be"ng'^'  ^''"^^  ""^^^'^  °^ 

Pn    +    I 

Zo     =    100  (2   -   2) 

■        ~ —  =  0  per  cent. 
2i    =   100  (4—^) 

-—  =  0  per  cent. 
2*    =  IDO  (8-5) 

~  =  37^  per  cent. 


In  the  pedigree  of  Comet  (page  149). 

Zo       =     0  npr  font 


Zo 

Z. 


0  per  cent. 
100  (4-3) 

=  25  per  cent. 


Zj    =    100  (8   -  4) 


=  50  per  cent. 


punishable    by    law      t«   ?i!°^^'"Y'  ^"^^  marriage  with  ,li»IJL'  „, 
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fiXdJ.  "^^  '=°-^«icienls  of  «Vo  and'o  *  „! 

from  a  given  system  of  jnbieeding.     The  eermSfal  rn^^  ^ 

acter^f  'JSr  ^''"^^^y  ^^en  (page  96)  that  the  probable  char- 
rhuJ.Z  ^^^  .segregatmg  generation  when  inbred  when  ,1 
character  pairs  are  concerned,  may  be  exoressed  hvYhf 

number  of  heterozygous  characters  ^^'"^  ^^^ 
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of  the  population  m  whfrh  i!;^  °  ®  representative  sample 
each  ii5dSa?"s  eaual K  feS  '"*7^''  V^^^<^'  *"  ^hfch 
Kei^are  grown  in  eTe^y^ginerSion""*  m  which  alUhe  pro- 
breeding  experiment.  usuanronlvoniin^H?^^^^^^  an  in- 
fertilizationortwoindivSs?n  J^rotvf  '"^'T''^"^^  '"  self- 
are  used  to  produce  the  iSt  generfion  "^  ^"^  '''^^'  ""^^'"^ 

apprJ^Sld' dU'nSslrhitS^^^     o^^r>'«r>i■    '« 
cfiosen-  (/«Ar..rf,>,g  andOuZTding)''''^^^'  individuals 


Chapter  18-A    COMPARISON    OF    PLANT 
ANIMAL   BREEDING 


AND 


breedlJ'iScel^ca^^^^^^^^  ^^r  the  animal 

by  the  latter  In  seSon  he  if  ?h  '  ofmdividuals  to  one 
find  variant  forms,  even  mutltonsfh'n^?'''^v?>^''  ^^'^  ^o 
Moreover,  in  hybridizing  hinlr^l'i??^  ^"^^  ^'^  purpose. 

for  th^.segregatronoX%^fchSJ"""'''  '''  ^'^^^^^ 

asexual  reprX?Knd^t^  ^^^  P^^^i'^i'ity  of 

uals^re  aL  in^Po^SnT^^-^^^^^^^^^ 

agre^fef^e^rnrb'^^^^^^ 

that  It  i8  more  difficult  to  keen  aSf.tirf"  ^"'^^a'l  are.  and 

races^Xe"n\ tt;nr&o?Sn\°  T'"^^  ^^  ^^^^  ^r 
type.  On  the  other  hind  Thp2n''^y!f^^'J  ^''^'n  their 
strive  after  the  DroducHonnfio    k""!}^^  ^'^^^er  does  not 

'limprovements^'wHhinZ  b?eed  or'rlr  '^T'  ^"^  ''^ther 
size,  greater  milk  prodStion  ,W^  "^^^^  l"^*}  ^^^  increased 
creased  fecundity.  Kme'^u^ch  S^y!^' '^^^  ^""''^>'-  *"" 

(a)— Animal  Improvement 

prevention  o,  -ixin."  illX  SS;'^,^^^ 'g^pa^ 
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fn^r^lf  necessity  on  account  of  the  danger  of  introduct- 

mnn  .n'^^U^*'  ^^'^'  ^^«''«  •'"P"^*  individuals  werecom- 
mon.  and  the  great  loss  attending  such  introduction 

v^hkh'p^lfnZ^nnr^i'T'i  ^*^'?'"'* .  ^ave  been  formed  in 
wnicn  Performance  is  the  basis  of  registration. 

.  Inrecorded  animals  may  be  (1)  scrubs  tho«sp'  with 
bUflSf '"'•  "^"^J2)  ««r.gj.r.rf.  or  th^eof  pur?ftrdns 
known       '"  ^^""^  ^^" '°'''  ^"^  ^^°^  ancestry  in  us- 


In  general   four  systems  are 


Systems  oj  Breeding. 
practised: 

ances^v'^'^n^hf^^'.^^^'^-.^^.^^^"?*""    's   paid    to 
fa -iSe  ir"li'exST  '"'^"^'^  "°  improvement  can 

(2)  Pure  breeding,  where  only  registered  animals  are  used. 

(3)  Grading  where  only  the  sire  is  pure-bred      Bv  care  it 

exSS?''  WhK"P  "  '"""^-^^^^  wfthout  much  frJuble  o 
SSri^r  mnr?  1!^  ^^^^eeding  gener^-.tion  the  animals  are 
oecoming  more  and  more  pure-bred.    For  economir  nrn 
duction  such  high-P;rade  animals  are  equal  S  pSr™br?ed' 
Discuss  Co-operative  Breeding. 

(4)  Crossing,  where  pure  breds  of  different  races  are  cross- 
ed.   This  system  is  not  recommended  except  for  the  modifi 
cation  of  a  breed  .with  the  chance  of  gettfng  an  improved 

r»oi  "^""^^^  '".  to  fix  type;  breed  out  to  secure  vigor;  in  gen- 
of^reeTer""'''    '"""'  "^  ^^^^^  accurately  the^ex^rifnce 

.  It  will  be  observed  that  the  splendid  achievements  of 
animal  breeders  have  been  made  without  a  knoSi  of 
fnTnf'^h  '  'i  '^  T'^erstood  by  the  scientists  of  to Ty  The 
hS,.if*^  breeder's  craft  is  to  a  large  extent  the  valuable 
bodyof  experience  accumulated  through  long  centuries  afte? 
repeated  failures  and  successes.  It  cHfifers  frSm  g^nSi?s  fn 
that  It  gets  results  through  the  adoption  of  traditional  rules 
or  me  hods  while  the  latter  seeks  fSr  the  natural  laws  that 
nf^fu  and  explain  the  methods.  In  this  way  g^netks 
often  breaks  down  o  d  erroneous  ideas,  suggests  new  meth! 
Th';  kTI  ""^^a"  H  ^"^^^  P''°«^^«s  in  the  art  of  breeXg 
The  best  results,  of  course,  will  be  secured  when  the  breed- 

s'encl'oTblSng^^"^"^^^  ^'^^^  ^^^^  '^^  -^  an'/X 

15?, 


(b)-Plant  Improvement 


2. 


for  tfifSi^ttnXftlJJe"'''''^^^         «^oPted 
''     Sw"s^?c//.?("^^  «'  -Pe-or  individual   plants 

3.     Combinationofthedesirrbleo^H       T  '''"'^'''-«^)- 
varieties  by  hybridization       ''"^''^'^^  of  two  strains  or 

which '^Ib^^^^^  for  selection. 

Method.  By  the  former  ^Sii^f^"^  ^"^  ^^^  Field 
most  favorable  conditions  for  ??«  ^hf "/  i^  «?^"  ""^er  the 
the  Field  Method  "the  JSctinn^f  development."    By 

grown  undernormalfieldcSduS  '   'l?^1f  ^''^^  P'«"ts 
selected  strain  up  to  a  hi/h  standiS  ««i^".°''^^''  ^°  ^^^P  the 
tmued  year  after  year   for  un5^Jluf'^<=^'^^ 
gradually  revert  to  the  nArmoi  i  ^  ^"'^  *^  ^one  the  plants 
before  selection  b^gan      ^^^ ""'  ^""^'^^^  ^yP^  of  the?t?ai^' 

mutaTbnfXtinlfe^^^^^^ 

sciously  used  to  some  extern  for?Su^^^^  although  uncon- 
adopted  by  breeders  asareS!u1^T^^'  '!,?"'y  "ow  being 
Bateson.  Nilsson.  and  Bu?bank  n^?^  •'^"'**^'  °^  DeVries: 
tions  as  sports.    A  practS  d^.uh  J T^/'^^^^^'^^d  '""ta- 

rJf?^''^^  .them  from  vS/s  off hV^H^''^"^'^^^ 
The  only  test  s  to  breed  thpm     iJi.  ?  * •  ^  ordmary  sort, 
type  and  do  not  show  anv  tS;„  ^H^^^*°"s  <=ome  trv     o 
variations  are  of  valS^mainlv/if^^^^^^  O^df      y 

strains  of  arace.  whichSe  SJnTost  Jh.^l'K'''^'l  °^  •'"P"  '  ^d 
contmued  Mutations  or^nf  on  t"h^^^  '^'^^^^°" '  ^^- 
yalue  m  the  production  of  dKtIv  nl*"^  contrary,  are  of 
les  which  maintain  their  new  char  JJfrr^"^  -fu^^'  ^"^  ^a"et- 
selection."  "^^  cnaracters  without  continued 

impro^fnttw-'t^^ro??^^^^^^^  methods  of 

new  ones  may  be  recognized^         ^    ^'  ^""^  establishing 
1.      HalleU's  Metho    — Plantc  ,. 

possible  conditions,  and  th?itff'Lf  IT".  !}"^^'"  ^^^  best 
of  was  first  used  by  Hallett  who  o?Sn?f  ^i^"*'  '^^'^  meth- 
strains  of  wheat,  o^ats  A7^,:'?SeChapZ%^'  'TpZ 
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«>wninieparatrplotrandim1f„S,°'  '*''"'''  P'»"l»  ^^ 
of  each  pfit  fs  Sd  for  suVrSnr  %Tr""'"^ 
from  the  plants  of  the  plot  th'at'h^giJen  thTtelt  sTmple" 

sirabfe  PiTre'l l'/{,"*°!'-    Consists  in  the  isolation  of  de- 


() 


tion  are  practised  on  a  la^es^^^^^^^  w^fh"thf  *'°"  f"^  ''^'^'^■ 

wiU.:JJ?tSct^^^ 

definite  crosses.  (See  Mendelismr  combination  by 

1.  //oMrf  Selected  Seed. 
2  Improved  Seed,  and 
3.     Elite  Slock  Seed. 

^folS  pfants""  '■■'""  '"""'*■  "S°™"»  ^d  normally  de" 
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Registered  Seed/'  «"""«>  to  public  recognition  as 

Ploi.%fLrfe^,%!:^^}i^  seed 

onginat  ng  from  a  sinji  ?Ct  UifiSSL"""  ^^^  PH^*  ^^^^^^ 
factory  in  plot  or  field'    ts?  Progeny  proving  satis- 

handil^t'SI.:  t  '-nh^KS^^IJ^^P^^^HSeed. 
MostoftheRems  (  ,      ...r'  .«         '^*  °'  ^^^  Assoc  ation 
usually  grSuToV,   -.  \S  ihrm';&%^>:^''''S'«'''°" 
accor^ng  to  the  n  l.s  .f  '1.   AssSSSif  ^'"'  ''^^^'^  ^ 
i«/.oi,!'hiXn"f.''T'';^^^  viz..  by //>.Anrf. 

Pnnciple  had  been  ociLli-N  '  " '..  \l"u^."'  "P  ««"««! 
report  in  1865.  I  -,  '  i  ,n  -  .  ."*'  ^«"^«'  published  a 
predict  with  any  de.;  (Jo/  .  ,'in1?'tr"'^,^°  ^  ^^le  to 
varieties  of  plants  (i  '  Me,  ^u^  ^^^^  Jje  result  of  crossing 

S««flr  Beels.    **'*^^*«»  »'  Fluctuations 

raisJ'f?om'5:6%";^cent1oT;8'S;^  ^f  >^"  ^''adually 
teenth  century.  The  credit  WX^^  '^^"'-  ^"""«  ^^e  nine- 
due.to  the. meWs  of  analyst a„^^^  '«  "mainly 

Loms  VUmorin.  For  the  lIS  t  hi*  fi^^***"  introduced  by 
no  perceptible  inprovement  has  bJ^n  ^»h*  ^^^'^'  ^^^^^^r. 
ous  selection  of  mother  Spt?\^H"."^^^*.'f  ^P'^^  of  rigor- 
strain  is  kept  at  The  maxfmum  r.n^  "^^r^S  ^^"^  ^hat  the 
by  the  selecLnandisSS"o7tKs?p&'""  °"'^ 
Huh  Protein  and  High  Oil  Corn 

the  yIa^Vlte%t5^SS  t^heTr-"^  ^^^''^  ^--^ 
seed  from  10.92%  to  iTsl^anrf^L^'M^""  *=°"^^"^  of  corn 
to  8. 16%  by  «election     7«?1»  n  1^^°,''  content  from  4.70% 

admirabfedSath^e'l^-,^o'^S^^^^^  '''^"^^"  ^°^  ^" 
Methods  of  Breeding  Timothy.  Wheat,  Potatoes,  etc 

Of  bIpSS:;!-- -^  method 

ins  ^tl^l^%%rt^''''^1^  ^"^-^^  bullet- 
•' Plant  Breedi'i^n  ic?ndinaW^' •  ^^  '°  ^-  ""  N^^n^an's 


Canadian  Grains 

al  «raSro1t J^AS'S  ^T^^Si  ^""^  °?''«'"«'«'  '^ver- 
early  ripenini!  VarSv  nf  «„.•  ^"«  Marquis  is  a  productive. 

rust  and^Sj^^a  fi^e  „ JaTv^^  '^I'^'^^'y  ^'"^  ^'om 

commended  lortLXeVernLJiS"'^-    '-^  '*  especially  re- 
ated  as  a  crow  betLen  fh/ m^'^B' o^BT^X'^ces.     It  origin- 

and  separated  by  Dr.  Chas.  Saunder^s  hTuMM^-  ^^""^*^"' 

provi!;c^^,;Kt&rn''«l.r^^''Krf"^'y  K^' '^'  Eastern 
W'AiVf  f  i/V     fh"  pV/  ^™^^'^°^''  between  the  Ladoea  and 

ing  -Gehun    La&  \VW^^^^^^  varieties  by  cfo^s- 

Its  origin  may  be?|pVs^Sred'affoliowi!"''^  ^'^  ^''^"^^^- 

Ladoga  X  White  Fife 

Alpha  X  Hard  Red  Calcutta 

Fraser  x  Gehun 

„    I 
Prelude 

ThU^""".""'  '''i'  '""  '^""^  '"»"  <he  Red  Fife 
hu„eS;oa^t  w1fich^hrht%>Ste2,,X  ""''  ^"'"^"^ 
ion  E^^Kul'pSf  "^  ""^  P™'"'^^''  "'  'he  Domin- 
great  promi«.    (See  Buller,  i^^^i  „„  ^i,        *""""^ 

<lo9l);   AR.ilMtant    at    thf    <-     r-     v  •'""ns    HODkii  s   r    Ivorui.!-- 

;;■    1903;    has    publinhed    many    reuoTt'J'°h»ul,-^'°"'  ''1°'     '""PaU« 
'  ereaU  pnil  fVreuI  Breeding        '^*^''°"«     bulletins    and         „ers    on 
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P^^o^lSkt'^^iZ^^^  ^'Ji'"^  strain  of  the 

high  yielder ;  the  o/c  NofoaiJt?^  f'if  ^^^^I'^y  and  a 
Daubeney.  and  an  early  variety       ^'^^^^'^^  strain  of  the 

Queb^AS'co''rnl%XtS^^^^  ^'^^^'^n  the 

12.   1 1  strain  of   Yellow TnLS  ?^  ^'"'  *^°''"'  ^^e  No. 
No.  00.  1 .  strain  of  ^^Pu^TrX'^sSSlk  ^  V'^ 

fruits'^'"? g|  Mc&^h'^eTAo^nr^'-  ^^'"^5'^  ^^^^^ies  of 

of  the  Fameuse.  She  Herl^rt^lLnS"^^^^  ^'  ^  ^^^^"ng 
the  Cuthbert.  Herbert  raspberry  as  a  seedling  of 

Grain  Breeding  in  Sweden 

the  Suish"bSd?rrhTs'Kn°ii?  FTk^"'"  ^"^  ShirefT. 
breeders  at  Svalof  as  the  ba&fhS?^1  *l^  the  Swedish 
izmg  experiments.  Thev  had  h"«'  ^'«=tion  for  hybrid- 
over  the  early  breeders  o7^if„^  however    the  advantage 

Accordingtothf  llw  of IgreSa^^^^^^  V""^^''«  ^o^k 

second  generation  (F,)  contlfnf  .;^^^\^  ^"^^  ^hat  the 
ing  from  a  cross.  Their  prSiS  w"  'he  types,  result- 
known  sorts  are  crossed  S  thi    ^^!  ^^  ^°"°^s:     "Two 

second  and  succeeding  geSera^fon??'"  P'^^'^^  ^o™  a" 
wws^"  (Newman).  generations  is  sown  together  en 

nate^hVli^^rcrbil!;^^^^^^^^^^^^^^^ 

rSd^^Tht^SSyt^?~ 

field  trials  be^un.        ^   ""'"  ^'''^  ^'^^^  ^''e  made  and  the 

origin^a\eXiel^^SAd"^^^^^^^  l^-e  been 

pa  "  are  the  best  varieties  in  uSJf'th    ^^"^''  -^"^    ^ y'- 
following  diagram  shows  thdrorfgin^'  ^''''"'  '""^-     ^^e 


Native  Swedish  (Sammet) 


0516 
Kotte 


English  Square  head 


j'  Grenadiei  II 

'Pansar."  (0801) 

15t 


Hn.lishS..hd.        LeutewitzerS..hd.       En.HshS..hd. 
ExtraSq.hd.1     x     Grenadier  II 


Tystofte  Smaahvede 
(Danish) 

"Fylgia!"  (0860) 


Extra  Square  head  11 


thewl'el/?!!?p1?|i^,j;;^  improvement  made  in 

values  being  given  afnir.t  comparatively  short  time  the 
Swedish  wheat:-  Percentages  of  the  yield  of  Nativl 

Pansar  (Kotte  x  Grenadier  U) 

g^St^iS^K^^^-~n)  .;••:;   jj 

E^-squarehead  II  (Extra squarehead  ix  Grenadier     ''' 
J^otte^. 129 

tjrenadier  128 

Tystofte  Standhvede '•  121 

t;newemer  104 .  .        121 

Vilhelmina                     12i 

f,^tj2-squarehead  I 115 

^Sira^e^a""''^ . v;  V  :  : :  io„^ 

Ehle  mentions  the  follovrini-  re^k.!^      "'5'^'^-    Nilsson- 

Obtained    as  ''^S^^'U^' ^^  ^^^^t  El 
Bree..„,VaHe.Us.,^P,.„,,  ,3.  .„„,,_ 

in  recXSrsXp?oWem  oK!^^^^  ?'  P'-^t-breeding 
d.sease  has  appeale/to  .^^L^^f^^^  ^SSSJ 
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Black  Stem  Rust  (P  l/r^^S  .vf  k  "^^^  ^  ^^'■?'"  resistant  to 
ment.    RecenTreseaxS^nl^^^  "?^'  ^'^.^  disappoint- 

resistant  strains  of  wheat  w  fi  kT  f^    li.    *^^".  breeding, 

which  are  capable  of  Sine  th^W^rK-^?'  '"'^^^  ^'^^^' 
rust.   (ReadE  C  SSp??  irfji      '''^^^^^'^^^  strains  of 

Biologic  Forms  of  BSst^mRl,S"  ^^^'?^^^  to  and 
Research.  1915  and  1917)  '^-  '"   •^°"'""-  ^K^^c. 

di.eales!sSfic  VSr^'unl^h^^     '?  ^^^^  f"'^«°"« 
™//<.r«)  that  is  rSistlnt  ?K^h  ^  watermelon  (Cilrullus 

teresting  and  suggestive.  (^«'^"«'«  ^/ttworwm)  are  in- 

s.//««fbV''croSRid  F^  was  dominant  to 

wheat.     In  thfR  eenera^finn  i^^^  ^°"1*?  ^^^^'  ^^  English 

that^mbinedL^eMHTh-^^^^^^^^^^^^^^ 
resistSo^rtt"  Sifh  MiZa'?,' bJo'"  English. wheat'^  ve.^, 

can  a'j'&fgan' Bronee"''"""*  ""«"  ""^  ""-"'^  Ameri- 

ib,e)^ra^j!SS-hirr;i&S"ias^^^ 


1(50 


Sin  T'Z  '".rowS^""^^^""^.  called  Linie  Joss     Thi, 

(Read  BiffeSTs^f  S,,^^^^^^^^ 

the  Nation,  iui7j.  ^  ^^""^  Breeding  in  Science  and 

Chapter  19-EUGENICS  AND  EUTHENICS 

atten^orwf/^^^^^^^^^ 

that  influence  the  organism  Rv  ^T""'^  ^^  factors 
the  Inheritance,  and  bvNurM.ro  .?^  ^^^^^^  was  meant 
menta  influences,  such  as  S^.  ^^f  'E'"'^  o^  the  environ- 
activities,  etc.  "''^  ^'  ^^""^'e,  food  supply,  functional 

partSra^lSfc^^^  Played  an  important 

a  constant  struggle  fSeSf^no^Pf"^^"^'  when  there  was 
j-oundings.  andmoSwrnen'^Nrl^l  '"™^!f'  ^i' s^r! 
however,  man  has  almost  frll^u-  ^"  these  modern  davs 
Natural  Selection,  as TeorSrili'^'^i^  ^''^"^  '^^  ^^^Yof 
agencies  now  exist  soeciaMv  L  ll  ""^erstand  it.  Manv 
would  have  perishedT  he^strU^  f^'^-  °^  Persons  who 
savagery.    The  weak  are  nrot^S  °^  ^.^'l^ence  in  days  of 

giouped  into  two  types-  s^ociety.     These  may  be 

^"     |^Sp^S^^--^-d;givingrisetothe 

•     fn^dX'^y/tit^oftt^^^^^^  —dings 

tions.  g.vin    rise  to  theTcleti  ^E^JSr  ^^^"^'- 

^retoldJstfn?r"?rSi^^^^^^^^^ 

of  the  children  Lm  Se  proSeJ^^^^  ^^r  -^^l 

adult  population.    Pearson  h^t,-^  °?-^-"S^t  of  the  total 
per  family  of  many  Ss  and  ZT^f^"^  ^^e  number 
Britain  and  has  found  thaTthf'}?  u^^^  ^^  stock    n  Great 
o  ogical  stock.  and"he  lowestYn  J.if  ?  IJ"^^  "^^^"'•s  *"  Path 
passes  (1.5-2.0).     As  aUealt  four  rhnH'*"  ^"^  professional 
required,  under  average  conditions  fL^^'^^en  to  a  family  are 
undiminished    from  fenSSr/n  j"^'"^^  " ^^^  ""'"be  s 
easily  seen  that  the  inferior  siSk  i^  generation,  it  can  be 
increased.  ''""'^  ^t°ck  is  being  ma.ntained  and 
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catiol  of  thP  ^unfiT/ni^^"°  hindrance  to  the  rapid  multipli- 
that  pcSil  «n?^«H^"K  <^egenerate  Recent  studies  show 
mifiuw  ^""^^^J  physique,  the  liability  to  and  the  im- 
t^??2^  ^'"""^  '^'f^^^'.  ^^^  "^^'•al  characters,  and  the  mS- 
L'L?StiTy  ••  ""'  '"'^"^^  ^"  "^^"'  ^"^  -'^^  -"<=h  the 

It  is  inevitable  that  unless  more  stringent  reculations 
regaidmg  marnage  are  adopted  our  natior  Sds^exS 
to    .he  gravest  risks  of  retrogression. ' '  exposea 

By  long-continued  wars  old  Rome  lost  her  best  men 

?ep1aiS  •'Vi^-rnd'/h^''  to  propagate  the^Lr  ^Homo" 
replaced    Vir,    and  the  nation  fell  a  prey  to  the  more  virile 
northern  conquerors.    The  wars  of  Louis  XIV  and  NiSo 
^n  weakened  France  for  generations,  since  the  young  ab^ 
bodied  men  were  drafted  into  the  army  and  perS  and 
the  relatively  more  unfit  left  at  home.  P^nsnea,  ana 

.  Eugenics,  in  a  word,  attempts  to  apply  the  same  nrin 
ciples  to  man  as  the  breeder  applies  in  vfe  development  S 
the  cSefuUh^f.Si'l^f^-  The  .subject  is  one  thatCves 
welfS^SVbTotVl.'"''""      '"""  "'"  '"^  ''  ""''''  '''' 

in  isfjfJhf/.-^^^-^?'"?  introduced  by  Francis  Galton' 
in  1883  m  his  Inquu-iesmto  Human  Faculties"  to  express 
.  the  study  of  the  agencies  under  social  control  that  mav 
improve  or  impair  the  racial  qualities  of  future  in?ra 
tions  either  physically  or  mentaV/'  cSton  Tthl  same 
work  also  stated  the  aim  of  Eugenics-  "  Its  first  obierfSTn 
check.the  birth  rate  of  the  unfit  instead  o  allowing  Sem  il 

o?e"matT.1  V '"^Ti^°"«*^  ^.^^^ ^  ^"  ^^^«^  numbers  to  ^^ish 
prematiu-ely  The  second  ob  ect  is  the  improvement  of  the 
race  by  furthering  the  productivity  of  the  fit,  by  earlV  mar- 
riages and  the  healthful  rearing  of  their  children'' 

The  Eugenic  idea  is  an  old  one.    Plato  discussed  thp 
problem   in  the  Republic  and  the  Laws   in  whSh  he  ad 

About  the  beginning  of  the  I7th  century  Camoanella 
discussed  the  problems  of  Eugenics,  much  afterlhXhion 

us   Development-    (18^3).^ -CCtuTal  'Siu^ce-^Tufi)":'''''  ""' 

I6:i 


mprove  the  human  racrbvprn^^'?"  "'"^^  can  be  done  to 

"•^"f 'he  laws  of  inheritance  "^  *'"  ^cognized 

most  that  can  be  ho^LtZi'"?"'- ''  "'"Pi™.  andZ 
ow  birth-rate  wh^h  " Jadf to  ri'^''^  ^.^"  assigned  for  the" 

«aih"eidSS^^^^^^ 

-  -^  'an,i„  unaStSnlSCsl^SsIS? 
Mendelism  of  Human  Characters 

herijS?a'p",rJi^^»n^,o  to  show  that  the  ,aws  of  i„. 
-good  and  bad-are  transmitfJ^T  ^^^'  "^^^y  characters 

ture,  skin  color,  nervous  tpmn  ^'■'''^"^'  ^aircolor  S  tex 
according  to  M^ndel^iawr^'-^'"^^^^'  ''''  are 'inherited 
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Moreover,  a  study  of  pedigrees  of  certain  familip*  rti« 
c  OSes  the  fact  that  undoubtedly  bad  and  uSSKnor" 
al  and  mental  characters,  as  ^ell  as  goi^trdesiSbfe 

'^.  S}t<S)  1 

N 

thf'rg.arra'marr  NT^ira^'cV^lr'^  represents  a   female. 

in  re^eSf;^^^^^^^^^^^^  r^.^SlXD^.^  ^C^^  ^-^^^ 
Portland  others  in  the  United  States/ and  by  theGalton 
Laboratory  for  Research  in  England.  The  results  are  sS 
as  to  convince  the  thoughtful  of  the  terribirconsequences 

*'^  and'K?„eUcKrwaTbor'n*'irit66''rd'''""rt"  ^^P^"""""*'  biologist 
Polytechnic  and  at  Harvard  He  a."fp/=^''?**f  "*.*"«  Brooklyn 
at  Harvard  (1SR8-1889)  and  wis  ^rof«.t^ '""i'"^''*?''  <"  Zoology 
University  (1899-1904)  and  i^  nn^  ™,*°^  °'  Zoology,  Chlcagb 
Laboratory.  Cold  Spring  Harbor  T?  I  nf  h°/.  °J  k??*k  B'o'oglcal 
valuable  work^   in   Rxperimental   Zoology  '  P"bll8he<i   several 

ir; 


(A)  one  di^d  young'and  two-"^'"^^^  ^P")  oVe 

•ye  children  three  wer.  SSf-!!'?"^^^  woman,  and  of 

Orkr4     4.. 1  • 


K'''iii^kak"himny^''J5"'    ""'""ins    "i«tory   of 

none  of  whom   arp   f^K?     '"   ''escenrtants 
"oddartJ.)  ""^^  feeble-minded.     (Afte^ 

"^  ™=  noted  in  the  nm  gSi„„A  f^'^-^y^n-iWe:"- 
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bad  a^d  &*'gS5!'*'  '^'  >"heritance  in  six  families,  three 


The  Kallikak  Family 

I    «        Line  A. 
In  five  generations  480  direct 
aocendants  from  a  normal  father 
and    ieeble-mmded    mother   have 
been  accounted  for  as  follows: 
143  known  to  be  feeble-minded. 
Ml  mental  status  unknown  or 

doubtful. 
'•M  illegitimate. 
33  sexually  immoral,  mostlv 

prostitutes. 
24  confii-med  alcoholics. 
3  epileptics. 
X2  died  in  infancy. 
3  criminals. 

8  keepers  of  disreputable  houses. 
40  known  to  be  normal. 


(Goddard).    Fig.  liO) 

Line  B. 
In  five  generations  4fl6  des- 
cendants from  the  same  mirmal 
father  as  m  Line  A  and  a  normal 
mother  have  the  following  record: 
All  but  one  of  normal  mentality 
I  wo  men  known  to  be  alcoholic. 

One  case  of  religious  mania. 

Among  the  rest  have  been  found 
nothinjj  but  good  representa- 
tive citizenship,  numbering 
doctors,  lawyers,  educators, 
judges,  traders,  etc. 

No  epileptics  or  criminals. 

Only  fifteen  children  died  in 
infancy  (Guyer). 


The  Jukes  Family  of  Sullivan  Co..  N.Y.  (Dugdale) 

Jukes  born  1720:  had  five  daughters. 

In  five  generations  about  1200  persons  inrhiriincr  .hi^ 
Ignorant.,  lewd,  vicious,  pauper,  dise^d^  imbLcUe  "Sskne* 
and  criminal  specimens.    300  died  in  infancv  •  i  l o'nai^SSrc 

rhie^?s"'°rrile't?s^"^V'^^^^^^ 

doUars        "'"'^'^^'^«"-    ^ost  to  society  over  2.»  millions  of 

The  Zero  Family.     A  Swiss  family  (Jorger) 
A  ternble  example  of  inheritance  of  degeneracy 
The    founder  of  this  family  was  "the  rp<!iiit  r^f  t..,^ 

fanTv'Xli-rr^TlT-  ^h'  -cond  tainSS'l?th\"° 
Sr^'  Thfi^^'^"^'^  ^"^  l^^''^"  ^^^'■ant  Wife  of  vicious  char- 
foifV  Their  son  married  a  member  of  a  German  vagabonH 
family,  and  this  pair  had  seven  children  all  charactldzed 
by  vagabondage,  thievery,  drunkenness  mental  w^^!, 
sical  defect,  and  immorality  iSeeG^r; BiT.m^B^l'J;. 

The  Edwards  Family  in  United  States  (Winship) 

beth  Tulue-fff.?^^^^^  ^^^^"-^^  ^"d  Eliza- 

lese  DrPsiHp'ntc    ii        f^^^  "^^""^  ^°"^«e  graduates;  13  col- 
lege presidents;  65  professors;  60  physicians-  10(  rlprtMr 
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chanT"'  '^"""  """"y  in  England  (Whetham).   (See 


A  «ood  example  of  .he  inheritance  of  .cientifio  abiiit.. 
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The  Bach  Family  of  Thuringia. 

In  six  generations  appeared  57  musicians  of  note. 

(See  chart  p.  12,  Downing). 

MtK  'u'^®  ^'"^^y  of  niany  human  traits"  it  is  often  verv 
«*>fficult  to  say  whether  they  are  dominant  or  reJL^t^ 
whether  they  are  controlled  by  one  or  by  sevCTaUaS' 
whether  they  are  sex-linked  o'r  indepeK'WEast  and 


acters 


Castle 


wtle  proposes  the  following  grouping  of  human  char- 
T^rnm^^hi&^y  Mendelian;  (2)  MendSian  and  sex-linked  • 
cprt«T^.^]\^Ki^!r***''*"  J»"^  dominance  imperfect  or  un-' 
feTt'i;hS,1i.t??Slrn!*"'  '''  '^^"'•^^^^  ^"^^°  -»^«^  - 

Examples  of  (1)  and  (2)  are  the  following:— 


Oominan! 

Brown  or  black  eye 

Black  hair 

Curly  hair 

Brachydactyly 

Pdydactyly 

Congenital  cataract 

Night  blindness 

Color  blindness 

Deaf-mutism 

Hypotrichosis 

Diabetes  insipidus 

Glaucoma 

HuntinKdon's  Chorea 

Normal 

Normal 

Normal 

Normal 
Normal 
Normal 
Normal 
Normal 


Recewive. 

Grey  or  blue  eye 
Red  hair 
Straight  hair 
Normal 
Normal 
Normal 
Normal 

Normal— Sex-linked 
Normal— Sex-linked 
Normal 
Normal 
Normal 
Normal 
Albinism 

Feeble-mindednessi 
Hemophilia  (bleeding)— Sex- 
Imked 

Hereditary  hysteria 
True  dwarfism 
Multiple  sclerosis 
Suxceptibility  to  cancer 
Susceptibility  to  tuberculosis 


As  examples  of  (3)  are  hare-lip,  left-handedness  ten 
dency  to  produce  twins;  of  (4).  sklA  coLr  Si  So-Whi?e 
crosses,  shape  of  head  in  mixed  races;  of  (5)  genSal  men^ 
tal.  musical,  literary,  artistic  and  mechanical  abilkycrSIn 
it^'lSSy  e'?'"'"'  ^'"^  '°^"^^  "'  epilepsy  an^dSn- 

IfiS 


Alcohol  and  Heradlty 

^^r4t"trtL'JrZ'SSZZ  °^  t'^'^^^  on  off- 

conclusions.     CertSin  facts  ^^S  '"'"'?  contradictory 

may  be  suggestive  ra?hS?han^oncK;:^^'^*^«^'  '^^^'^^ 

certain  nSSfs  htlfa^'s^rVn'^ifi*^^  ^Jands  of 

contain  almost  as  C^T^^SJ&X^ffiir^^ 

atropl^v  In5  X?'deRe'nerS'  ^  '"^^^^^^^  o^ten  show 
-re  children  are  bo^TaSL^fe- XaT^^^^^^^^ 


-  "««"  wj  normal  p 

iU«:;s„ch  afiSiSf '^^i»ft«n  ^how  seriom  abnormal- 

culosis  and  epilepsy  ^'^J^'i!,!"' Predisposition  to  tuber- 

(Fore  ).    StocltardV..r2J2,    1""  ?™'  menu  diseases''- 

ctearlythei:?S<iXr^'ia«"''»y'i^^h?wed 
the   other  hand    P^ari^  I      ^'cohol  on  oflfsprine     On 

effects  of  alcTol  on  ScUnS^  *^"  ^^  ^"^eritld 
progeny.  ^'"cxens  showed  fewer  but  stronger 

feeblJSSlSSfc^^^^^^^  however,  that 

»sm  of  the  paremi  but  t£t?£Tl^^.r««"'tof  ^ 

usually  a  s?mp?im  of  f2b^e.minK°''''"  °^  ^^^  Pa^^^^^^^^ 
lack  of  control  ^eeoie-mmdedness  or  some  form  of 

Experiments  ^th  G  ,^,3  p,^^  ^^  ^^^^ 
°'  Alcohol  on  Germ  Cells 


Ai^u  .•       AJcoholic 

Ab^lic  males  and  normal  fe- 

j;«2f'  "^'^  and  alcoholic  fe- 

Atohdic  males  and  alcoholic  fe- 

»,        ,         Control 

Norma!  males  and  normal  females 
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Influence  of  Alcohol  on  Progeny 
Doge  (Hodge) 


5![uinher  of  Whelpt 
Deformed 
Born  Dead 
Viable 


Alcoholic  Pur 


(7-7-ft-3)  23 
(2-3-3-0)  8 
(2-2-2-3)  0 
(•l-(»-<)-0)    4 


(17.4%) 


Nomuil  PiBir 

(fi-a-ii-R-ft-fl-.j-zTla " 

(1-0-0-2-0-4^0-1)    4 

(0-4MM)-<MM)-0)    0 

(4-3-8-«-S-(>-;j-«)  41 

(90.2%) 


Men  (Demme) 


Number  of  Children 
Deformed 
Idiotic 

Epileptic,  choreic 
pwd  at  Birth 
Normal,  viable 


Ten  Alcoholic 
FamUies 


57 
10 

6 

A 

3 

10  n7%) 


Ten  Normal 
Pamiliet 

61 
2 
0 

0  (2bkw.) 
3 
M  (m.n%) 

More  stringent  marriage  laws, 

bexual  segregation  of  defectives 

btncter  control  of  immigration,  and 

Measures  of  sterilization  of  dangerous  defectives 

by  vasectomy  and  oophorotomy  "^'eciives 
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a. 
b. 
c. 
d. 


Phy».cally  mentali?';S^,^i^j,Y/»«'«  above  '^^^  «vj^e 
fant  mortality,  and  bv  fiminrjl?  ^4  °^  ^^  reduction  of  in- 
support  of  thJir  childreS  ""  *'**  ^°  P^*^"'"  toward  the 
"Thp  iH«^  ««■ I • 


to"?''  »"«  "nd^n  fiSe^^'"  If'"'' 


me  nature,  fate  and  worth  nf  u^TZ."""*"^  *"*  wiermininir 
contribution  to  thouJhT  a^H  i'^J"^  '"^^s  »*  Darwin's  chiS 
application  •  (Saleeby)!'  *"**  ^"*^'  '"  ^"««"i"  its  Supreme 

tions  and^c^sl'^J^i^^tiSnrrn'/''""  °^  ''^'  «>cial  regula- 
may  improve  or  imStWK^''"^K^:  ^"<1  d'sease  '-which 
<.ons  either  PhyskaWmen^^-'^''^'''^  °^  ^"t"re  ^enS^a 

rate  in  nSrcoSntier'^"'^  '^^^  -'  ^^e  declining  birth- 
an  eugenKandSnr^^'^"  °'  '"^^ '-'  --rna.es  irom 

out  of  less  perfectly  deveIonedanW^f^°?'°«y- the  wiping 
better  eouipped  ones  is  Sin?^n^da1lv  tfn^  ^"^«  b? 

(McBride ).    Discuss.  ^  ""^®'' ""«"  very  eyes" 

Chapter  20  -  IMPORTANT    EVENTS    i,^    ^ 

HISTORY  oJ  GENmcs"'    ''"' 


Kiene 
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1672. 

1«77. 
1694. 
1719. 


"metdfe'^L'^^^h^k  in  the  she,,,  a„<, 

Ptas""""  *«°^"^  '"e  cellular  structure  of 
MalfJKhi  describes  the  development  of  the 
Ueuwenhoek  discovers  spermatozoa 
^meranus  discovers  sex  li^pTaiSr 
chffis^^rvJi,&^?>^'ificial,y_..pair. 
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1/51. 
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18  7-8 
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1838-9. 

1841. 
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Sis*"  ^*f-  ^^T'°  Generationis  discards  the 
preformatwn  theory  of  Malpighi  and^nnet 
Imbrya'^'"'  '^'  rf^r./o/>«,r„L  theory  ot^l 

^&"I?2e^rn't^  ^^^  P^-^  ^^^"^  -  a 
^CSiof  ^^  '^"^  ^P^^"*«  ^«  -«««ntial  to 
'Tnd'dichS"  ""''  fertilization  of  plants 

Umarck  in  La  Philosophic  Zooloiigue  exoound'i 
the  theory  of  Use  and  Disuse  anS  the  ffir? 
tance  of  Acquired  Characters. 

"''oahe'Syo.  ''^  '"^^  P""*^  «-"^-'^y-« 

^^L?^K^  discovers  the  mammalian  ovum  and 
lamhe  foundation  of  comparative  embry 

Brown  describes  the  nucleus  in  plant  cells 

tiplasmf '^°''''''  ^""^  ^^"^''^  '°'''^'  (pro- 
^^he^y.  ^""^  ^*^^«'de"  formulate  their  cell- 

^?!!irm.  ?n  Th^f 'f  ^'  ^^e  ^e""J^  origin  of 
sperm§  m  the  testes. 

Remak  proposes  the  theory    that  everv  cell 

dSS:°"' '  pre-existing Lll  b? aprSTess of 

""ovt  ?n%rrXt"  ''^  ""^°"  °^  ^P^-  -^ 
^?rah?s^e.  ''""^'  ^''^  ^^""  /'ro/o/,te5m  into  gen- 

Fritz  Muller  formulates  the  Recapitulation 
Theory,  first  stated  by  Von  Baer     ^""*'"''" 

"tn^lo  .^^""'■-  ^"  *^e  ^''»««>/«  of  Biology 
suggests  the  existence  of  "  physiological  nS' 
m  the  reproductive  elements 


•]^ 


1865. 

1866. 

1869. 

1875. 

1880-1. 

1883, 


1884. 
1889. 

1891. 

1893. 
1895. 

1896. 

1900. 

1901. 


enunciates  ^^.T^Ty^^Z"^  '"" 
parent.  """nuity   of  oflFspring  and 

Pothesisot  Pangenesis  '"'^^ara  the  hy- 

Francis  oalton  uses  th^  f»r»«  c 

VanBenedenandBoveridiscovarchromosomes 
S.n^^^^^'Z:^^:^,'^}^^  Jy 
parent,  and  thatarpSw?™  •   .1"*  fromeach 

"SriKSte^„tnk^-vor... 

X'tS;?  '"'°  """^  of  spermatoz™  in 

ctoZ»S^IiSESjSl,<'''''^r«  '"  'he 
hopper.  spermatozoa  of  the  grass- 
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Bateson  and  Cuenot  first  apply  Mendelism  to 
animals. 

Sutton,  (W.  S.)  puts  forward  The  Chromosome 
Theory  of  Heredity. 

Johannsen  puts  forward  his  Pure  Lines  Theory. 

Formation  of  the  American  Breeders'  Associa- 
tion. 

Stevens  and  Wilson  determine  the  correct  re- 
lation of  the  accessory  or  X  chromosome  to  sex. 

Bateson  and  Punnett  discover  linkage  in  hered- 
iiy. 

The  Galton  Eugenics  Laboratory  founded  in 
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Bateson   publishes    "Mendel's    Principles   of 
Heredity. 

Goddard  discovers  that  feeble-mindedness  is  a 
recessive  unit  character. 

Morgan  et  al  publish  "The  Mechanism  of  Men- 
delian  Inheritance." 

Investigations  and  discoveries  of  Nilsson,  Nils- 
son-Ehle  and  Witte  in  Sweden;  Johannsen  in 
Denmark;  DeVries  in  Holland;  Vilmorin, 
Delage  and  others  in  France;  Bateson,  Biffen, 
Darbishire,  Durham,  the  Cartons.  Hu  st. 
^^  ^^,ff?°"'  Punnett,  Saunders.  Schuster, 
Sutton,  Wilson  and  others  in  Great  Britain; 
Burbank,  Castle,  Davenport  (C.  B.),  East 
Emerson  Jones,  Loeb,  Morgan.  Pearl,  Shull.' 
Tower,  Wilson  and  others  in  the  United 
btates;  Correns,  Baur.  Klebs,  von  Lochow 
and  others  in  Germany. 
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GLOSSARY  (From  Various  Sources) 

ture  tXhS?  w&frimp^reEelt^ir  °^  ^"^  ^^- 
course  of  the  individual  liS  ^  ^.rganism  in  the 

h^moi^^^urct^;„-^o1SS^^^^^^  '"^^  --  locus  in 

"contrasting"  or  ••altemati?"''  charaaerr'''"  '"■°^"^'"« 

parentrfn^'sSJalVrSucUof'"^  ^^  '^'"^^•^y  ""'^^  of  two 
rnosomer'"'~'^"^°^^^'-^'^'-«'"osomethan  the  sex-chro- 
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Wilson,  Jas. 


Biometry.— The  branch  of  science  dealing  with  the 
statistical  investigation  of  organic  differences. 

Bud  Mutation.— A  mutation  occurring  in  the  v^ry  ear- 
ly history  of  a  bud  such  that  a  branch  is  produced  which 
differs  genetically  from  the  remainder  of  the  plant. 

Chimera.— A  mixture  of  tissues  of  different  genetic 
constitution  in  the  same  part  of  a  plant. 

Chromomeres. — The  chromatin  granules,  which  are 
sometimes  arranged  like  the  beads  on  a  necklace. 

Chromosomes.— Term  applied  to  certain  minute  bodies 
in  the  nucleus  of  the  animal  and  vegetable  cell,  which  appear 
at  definite  periods  in  the  division  of  the  cell,  and  are  con- 
stant ill  number  for  each  species  of  animal  or  plant. 

Clone.— A  group  of  individuals  produced  from  a  single 
original  individual  by  some  process  of  asexual  reproduction 
such  as  division,  budding,  slipping,  grafting,  parthenogene- 
sis (when  unaccompanied  by  a  reduction  of  the  chromo- 
somes), etc. 

Crossine-over.— Exchange  of  chromatin  material  be- 
tween homologous  chromosomes. 

Cytology.— The  branch  of  biology  which  treats  of  cells, 
especially  of  their  internal  structure. 

C>'/o6/osm.— That  portion  of  the  protoplasm  of  the  cell 
outside  the  nucleus. 

Diploid.— The  number  of  chromosomes  normally 
found  in  the  somatic  cells  of  a  species;  twice  the  gametic 
or  haploid  number. 

Endosperm. — The  substance  stored  in  a  seed  adjacent 
to  the  embryo  for  its  early  nourishment. 

F,,  a  symbol  introduced  by  Mr.  Bateson,  as  an  abbre- 
viation for  the  first  hybrid  generation. 

Fo,  a  symbol  for  the  second  hybrid  generation. 

F:,,  a  symbol  for  the  third  hybrid  generation. 

Factor.  An  independently  inheritable  element  of  the 
genotype  by  the  presence  of  which  some  particular  charact- 
er in  the  organism  is  made  possible;  gene;  determiner. 

Fertilization.     The  union  of  male  and  female  sex  cells. 

Fluctuations  (Fluctuating  Variations.)-  The  slight  dif- 
ferences normally  found  in  organisms  and  attributed  either 
to  environmental  influences  or  to  recombinations  of  genetic 
factors. 

Gene.-  See  factor. 
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fact  Sa'f KTftlTrS'y'gS;'""""  ■"""  ''^"■'™  <"« '"  '"e 

Z.«/Ao/.—  Destructive  of  Life, 
nation;  •■«ameSrcoSg^'„7.SX";SSS^;f  -^- 

.<xu.T^roirrcht^o;^^^r  •"'•"'^'"^  -^  -™ 

ferinf from'lhal  of  urDar/m''i" .r "'T-^  ">aracter  dif- 
not  derived  from  thera  bfa  „o™,l'J'^  "^  "/  P^"'^"'"'  ="<< 
by  crossins-over  '  ""^^^  "'  seweRation  or 

PosedTpirfc/n^^  development  of  the  individual  as  op. 

u.rso^t"3:.J!-aTr;:;;^o'f?s::^,f^^™-''-- 
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or  group,  distinguished  from  ontdgeny. 

nn-  Z^I^^^'"'\rA  31^^^.  °^  individuals  derived  solely  by 
aU^d?      »e'f-fertilizations  from  a  common  homozygous 

♦,in  CriW''^""'^**®  property  said  to  be  possessed  by  cer- 
Si«»«uV'**"^Ju'  .«»P«c>?."y  amongst  stallions  and  bulls,  of 
transmtting  their  qualities  to  tKeir  offspring  whatever 
female  they  are  mated  with. 

MmJJji^'i^  />tmiV»«  -One  of  the  last  two  divisions  in 
£S^®"*i**'  ^^*"  homologf.us  chromosomes  are  dis- 
sociated and  pass  into  different  gametes. 

.  Recessive  Characters.- Those  which,  in  a  cross  between 
individuals  the  two  characters  of  each  of  whichTar  one  of 
brfdTnerat^Sn  ^^"'  ^"'''^'^  disappear  in  the  first  hy- 
Reversion.— The  production,  on  crossing,  of  one  or 
fTmsCTMsed*''^      ^  supposed  remote  ancestor  of  the  two 

Segregation.— The  reappearance  in  definite  ratios,  in 
the  second  hybrid  generation,  of  the  characters  of  two  fo^ms 
crossed;  and  of  the  first  hybrid  generation  (where  tWs 
differs  from  the  dominant  character). 

Sex-chrowosome.— The  accessory  chromosome  which 
mpmS"  ?  ^  .associated  with  one  or  the  DtherTx^oTone 
member  of  a  pair  of  morphologically  or  physiologically  dis- 
tinct chromosomes  which  carry  a  factor  or  factors  for  sex 

Sex-lmked.—AppliQd  to  factors  located  in  the  sex-chro- 
mosomes or  to  the  characters  conditioned  by  them 

popufaUon^"'"^^^  proportion  of  males  and  females  in  a 
Soma.— The  body,  as  opposed  to  the  germ  cells. 

,.Kr«£-''"°^*"~'^^!.*^°"J"«3^i°"of  maternal  and  paternal 
chromosomes  preceding  the  reduction  of  division.  *^    ""'" 

heredYry"  ^*'"'°'''^''*--C*^a''acters  which  behave  as  units  in 
Gamft?r'^'~~^*^^  "^^"'^  °^  '^^  ""'°"  °^  ^^°  gametes  (See 
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